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TRI-SUBSTITUTED IMIDAZOLES HAVING MULTIPLE THERAPEUTIC PROPERTIES

This invention relates to a novel group of imidazole compounds, processes for

the preparation thereof, the use thereof in treating cytokine mediated diseases and

10 pharmaceutical compositions for use in such therapy.

BACKGROUND OFTHE INVENTION

Imerleukin-1 (IL-1) and Tumor Necrosis Factor (TNF) are biological
,

substances produced by a variety of cells, such as monocytes or macrophages. IL-1 has

15 been demonstrated to mediate a variety of biological activitiesthought to be important

in immunoregulation and other physiological conditions such as inflammation [See,

e.g., Dinarello el aL, Rev. Infect Disease, fi, 51 (1984)]: The myriad ofknown

biological activities of IL-1 include the activation ofT helper cells, induction of fever, *

stimulation of prostaglandin or collagenase production, neutrophil chemotaxis,

20 induction of acute phase proteins and the suppression of plasma iron levels.

There are many disease states in which excessive or unregulated IL-1

production is implicated in exacerbating and/or causing the disease. These include

rheumatoid arthritis, osteoarthritis, endotoxemia and/or toxic shock syndrome, other

acute or chronic inflammatory disease states such as the inflammatory reaction induced

25 by endotoxin or inflammatory bowel disease; tuberculosis, atherosclerosis, muscle

degeneration, cachexia, psoriatic arthritis, Reiter's syndrome, rheumatoid arthritis, gout,

traumatic arthritis, rubella arthritis, and acute synovitis. Recent evidence also links

IL-1 activity to diabetes and pancreatic B cells.

Dinarello, J,
ninical TniTmmnlogv. 5 (5), 287-297 (1985), reviews the

30 biological activities which have been attributed to IL-1. It should be noted that some of

these effects have been described by others as indirect effects of IL-1.

Excessive or unregulated TNF production has been implicated in mediating or

exacerbating a number of diseases including rheumatoid arthritis, rheumatoid

spondylitis, osteoarthritis, gouty arthritis and other arthritic conditions; sepsis, septic

35 shock, endotoxic shock, gram negative sepsis, toxic shock syndrome, adult respiratory

distress syndrome, cerebral malaria, chronic pulmonary inflammatory disease, silicosis,

pulmonary sarcoisosis, bone resorption diseases, reperfusion injury, graft vs. host

reaction, allograft rejections, fever and myalgias due to infection, such as influenza,

cachexia secondary to infection or malignancy, cachexia, secondary to acquired
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immune deficiency syndrome (AIDS), AIDS, ARC (AIDS related complex), keloid

formation, scar tissue formation, Crohn's disease, ulcerative colitis, or pyresis.

AIDS results from the infection ofT lymphocytes with Human

Immunodeficiency Virus (HIV). At least three types or strains ofHIV have been

5 identified, ie., HIV-1, HTV-2 and HIV-3. As a consequence ofHIV infection, T-cell

mediated immunity is impaired and infected individuals manifest severe opportunistic

infections and/or unusual neoplasms. HIV entry into theT lymphocyte requiresT
lymphocyte activation. Other viruses, such as HIV-1, HTV-2 infectT lymphocytes

afterT Cell activation and such virus protein expression and/or replication is mediated

10 or maintained by such T cell activation. Once an activatedT lymphocyte is infected

with HIV, theT lymphocyte must continue to be maintained in an activated state to

permit HTV gene expression and/or HIV replication. Monokines, specifically TNF, are

implicated in activated T-cell mediated HIV protein expression and/or virus replication

by playing a role in maintaining T lymphocyte activation. Therefore, interference with

15 monokine activity such as by inhibition ofmonokine production, notably TNF, in an

HIV-infected individual aids in limiting the maintenance ofT cell activation, thereby
—

reducing the progression ofHIV infectivity to previously uninfected cells which results

in a slowing or elimination of the progression ofimmune dysfunction caused by HIV •

infection. Monocytes, macrophages, and related cells, such as kupffer and glial cells,

20 have also been implicated in maintenance of the HIV infectioa These cells, like

T-cells, are targets for viral replication and the level of viral replication is dependent

upon the activation state of the cells. [See Rosenberg et al .. Hie Imraunopathogenesis

of HIV Infection, Advances in Immunology, Vol. 57, (1989)]. Monokines, such as

TNF, have been shown to activate HTV replication in monocytes and/or macrophages

25 [See Poli, etal.. Proc. NatL Acad. Sci., 87:782-784 (1990)], therefore, inhibition of

monokine production or activity aids in limiting HTV progression as stated above for

T-cells.

TNF has also been implicated in various roles with other viral infections, such

as the cytomegalia virus (CMV), influenza virus, and the herpes virus for similar

30 reasons as those noted*

Interleukin-8 (IL-8) is a chemotactic factor first identified and characterized in

1987. IL-8 is produced by several cell types including mononuclear cells, fibroblasts,

endothelial cells, and keratinocytes. Its production from endothelial cells is induced by

IL-1, TNF, or lipopolysachharide (LPS). Human IL-8 has been shown to act on

35 Mouse, Guinea Pig, Rat, and Rabbit Neutrophils. Many different names have been

applied to IL-8, such as neutrophil attractant/activation protein- 1 (NAP-1), monocyte

derived neutrophil chemotactic factor (MDNCF), neutrophil activating factor (NAF),

and T<eII lymphocyte chemotactic factor.



WO 95/02591 3 PCT/US94/07969

IL-8 stimulates a number of functions in vitro. It has been shown to have

chemoattractant properties for neutrophils, T-lymphocytes, and basophils. In addition

* it induces histamine release from basophils from both normal and atopic individuals as

well as lysozomal enzyme release and respiratory burst from neutrophils. IL-8 has also

5 been shown to increase the surface expression of Mac-1 (CD1 lb/CD1 8) on neutrophils

without de novo protein synthesis, this may contribute to increased adhesion of the

neutrophils to vascular endothelial cells. Many diseases are characterized by massive

neutrophil infiltration. Conditions associated with an increased in ILr8 production

(which is responsible for cheraotaxis of neutrophil into the inflammatory site) would

10 benefit by compounds which are suppressive of IL-8 production.

IL-1 andTNF affect a wide variety of cells and tissues and these cytokines as

well as other leukocyte derived cytokines are important and critical inflammatory

mediators of a wide variety of disease states and conditions. The inhibition of these

cytokines is of benefit in controlling, reducing and alleviating many of these disease

15 states.

There remains a need for treatment, in this field, for compounds which are

cytokine suppressive anti-inflammatory drugs, i.e. compounds which are capable of

inhibiting cytokines, such as ILrl, IL-6, IL-8 and TNF.

20 SUMMARY OF THE INVENTION
This invention relates to the novel compounds ofFormula (D and

pharmaceutical compositions comprising a compound of Formula (I) and a

pharmaceutical^ acceptable diluent or carrier.

This invention also relates to a method of inhibiting cytokines and the treatment

25 of a cytokine mediated disease, in a mammal in need thereof, which comprises

administering to said mammal an effective amount of a compound of Formula (I).

This invention more specifically relates to a method of inhibiting the production

of IL-1 in a mammal in need thereof which comprises administering to said mammal

an effective amount of a compound of Formula (I).

30 This invention more specifically relates to a method of inhibiting the production

of IL-8 in a mammal in need thereofwhich comprises administering to said mammal

an effective amount of a compound of Formula (I).

This invention more specifically relates to a method of inhibiting the production

ofTNF in a mammal in need thereof which comprises administering to said mammal

35 an effective amount of a compound of Formula (I).

Accordingly, the present invention provides a compound of Formula (I):
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R] is 4-pyridyl, pyrimidinylr quinolyl, isoquinolihyi, quinazolin-4-yl, 1-imidazolyl or

1-benzimidazolyl, which heteroaiyl ring is optionally substituted with one or two

substituents each of which is independently selected from C1.4 alkyl, halogen,

5 hydroxyl,Cm alkoxy,Cm alkylthio,Cm alkylsulfinyl, CH2OR12, NRl0R20»

or an N-heterocyclyl ring which ring has from 5 to 7 members and optionally

contains an additional heteroatom selected from oxygen, sulfur or NR15;

.

R4 is phenyl, naphth-l-yl or naphth-2-yl, or a heteroaryl, which is optionally

substituted by one or two substituents* each ofwhich is independently selected, and

10 which, for a 4-phenyl, 4-naphth-l-yI, 5-naphth-2-yl or 6-naphth-2-yl substitiuent,

is halogen, cyano, nitro, -C(Z)NR7Rn, -C(Z)ORi6, -(CRioR20)raCORi2, -SR5,

-SOR5, -OR12, halo-substituted-CM alkyl,Cm alkyl, -ZC(Z)Ri2,

-NRioC(Z)Ri6, or -(CRioR20)mNRloR20 and which, for other positions of

substitution, is halo, cyano, -C(Z)NRi3Ri4, -C(Z)OR3, -(CRiQR20)mCOR3,

15 -S(0)mR3. -OR3, halo-substituted-Ci-4 alkyl, -Cm alkyl,

-(CRioR20)mNRlOC(Z)R3, -NRioS(0)mR8» -NRloSCOJmtfl^Rn, -ZC(Z)R3

or -(CRioR20)mNRi3Rl4;

R2 is C1-10 alkyl N3, -(CRioR20)nf OR9, heterocyclyl, heterocyclicM0 alkyl,

Ci-ioalkyl, halo-substituted Cuo alkyl, C2-10 alkenyl, C2-10 alkynyl, C3-7

20 cycloalkyl,C3-7cycloall^lCi.ioall^l,C5-7cycIoalkenyl,

Cs-7cycloaIkenyl-Ci.io-alkyl, aryl, aiylCno alkyl, heteroaryl,

heteroaryl-CMO-alkyl, (CRioR20)nORll, (CRioR20)nS(0)mRi8,
(CRi0R20)nNHS(O)2Rl8, (CRl0R20)nNRl3Rl4, (CRioR20)nN02,

(CRioR20)nCN, (CRioR20)n'S02Rl8. (CRi()R20)nS(OWNRi3Rl4.

25 (CRl0R2O)nC(2?)Rll. (CRioR20)nOC(Z)Ri 1, (CRi6R20)nC(Z)ORi 1.

(CRioR20)nC(Z)NRi3Rl4 (CRioR20)nC<Z)NRllOR9.

(CRi0R20)nNRl0C(Z)Rn, (CRi6R20)nNRioC(Z)NRl3Rl4,

(CRl0R20)nN(OR6)C(Z)NRi3Rl4. (CRi()R20)nN(OR6)C(Z)Ri l,

(CRi0R20)nC(=NOR6)Rl 1, (CRioR20)nNRlOC(=NRi9)NRi3Rl4.

30 (CRioR20)nOC(Z)NRi3Rl4, (CRl(^20)nNRioC(Z)NRi3Rl4,

(CRioR20)nNRloC(Z)ORio, 5-(Ri8>l,2,4-oxadtzaol-3-yl or

4-(Ri2>5^i8Ri9H^-dihydio-lA4-oxadiazol-3-yi; wherein the aryl, arylalkyl,

heteroaryl, heteroaryl alkyl, heterocyclic and heterocyclic alkyl groups may be

optionally substituted;

35 n is an integer having a value of 1 to 10;
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n
f

is 0, or an integer having a value of 1 to 10;'

m is 0, or the integer 1 or 2;

Z is oxygen or sulfur;

m* is lor 2,

5 R3 is heterocyclyl, heterocyclicno alkyl or R8;

R5 is hydrogen,Cm alkyl, C2-4 alkenyl, C2-4 alkynyl or NR7R17, excluding the

raoeities -SR5 being -SNR7R17 and -SOR5 being -SOH;

R6 is hydrogen, a phannaceutically acceptable cation, Q-io alkyl, C3.7 cycloalkyl,

diyl9 aiylCM alkyl, heteroaryl, heteroarylalkyl, heterocyclyl, aroyl, or Ci-io

10 alkanoyl;

R7 andRn is each independently selected from hydrogen orCm alkyl or R7 and R17

together with the nitrogen to which they are attached form a heterocyclic ring of 5

to 7 members which ring optionally contains an additional heteroatom selected

from oxygen, sulfur or NR15;

.

15 R8 is Ci-io alkyl, halo-substitutedCmo alkyl, C2-10 alkenyl, C2-10 alkynyl, C3-7

cycloalkyl, C5.7 cycloalkenyl, aryl, aiylCi-io alkyl, heteroaiyl, heteroarylCi-io

alkyl, (CRioR20)nORll, (CRioR20)nS(0)mRi8, (CRl0R20)nNHS(O)2Rl8,
(CRioR20)nNRl3Rl4; wherein the aryl, arylaikyl, heteroaryl, heteroaiyl alkyl

may be optionally substituted;

20 R9 is hydrogen, -C(Z)Rl 1 or optionally substituted Ci-io alkyl, S(0)2Rl8. optionally

substituted aryl or optionally substituted aryl-Ci-4 alkyl;

RlO and R20 is each independently selected from hydrogen orCm alkyl;

Rll is hydrogen, Ci-io alkyl, C3-7 cycloalkyl, heterocyclyl, heterocyclyl Ci-ioalkyl,

aryl, aiyiCi-io alkyl, heteroaryl or heteroaiylCMO alkyl;

25 R12 is hydrogen or Ri6;

Rl3 and R14 is each independently selected from hydrogen or optionally substituted

Cm alkyl, optionally substituted axyl or optionally substituted aryl-CM alkyl or

together with the nitrogen which they are attached form a heterocyclic ring of 5 to 7

members which ring optionally contains an additional heteroatom selected from

30 oxygen, sulfur orNR9 ;

Rl5 is RlO or C(Z)-Cm alkyl;

Rl6 isCm alkyl, halo-substituted-CM alkyl, or C3.7 cycloalkyl;

Rl8 is Ci-io alkyl, C3-7 cycloalkyl, heterocyclyl, aiyl, arylaikyl, heterocyclyl,

heterocyclyl-Ci-ioalkyl, heteroaryl or heteroarylalkyl;

35 R19 is hydrogen, cyano,Cm alkyl, C3.7 cycloalkyl or aryl;

or a phannaceutically acceptable salt thereof.
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DETAILED DESCRIPTION OFTHE INVENTION

The novel compounds of Formula (I) may also be used in association with the

veterinary treatment ofmammals, other than humans, in need of inhibition of cytokine

inhibition or production. In particular, cytokine mediated diseases for treatment,

5 therapeutically or prophylactically, in animals include disease states such as those

noted herein in the Methods ofTreatment section, but in particular viral infections.

Examples of such viruses include, but are not limited to, lentivirus infections such as,

equine infectious anaemia virus, caprine arthritis virus, visna virus, or maedi virus or

retrovirus infections, such as but not limited to feline immunodeficiency virus (FIV),

10 bovine immunodeficiency virus, or canine immunodeficiency virus or other retroviral

infections.

In Formula (I), suitable Rl moieties includes 4-pyridyl, 4-pyrimidinyl, 4-

quinolyl, 6-isoquinolinyl, 4-quinazolinyl, I-imidazolyl and 1-benzimidazoiyl, ofwhich

the 4-pyridyl, 4-pyrimidinyl and 4-quinolyl are preferred. More preferred is an i

IS optionally substituted 4-pyrimidinyl and an optionally substituted 4-pyridyl, and most

preferred is the an optionally substituted 4-pyrimidinyl ring.

Suitable substituents for the Rl heteroaryl rings are Ci-4 alkyl, halo, OH,Cm
alkoxy,Cm alkylthio, Ci-4 alkylsulfinyi, CH2OR12. NRioR20* or an N-heterocyclyl-

ring which ring has from 5 to 7 members and optionally contains an additional

20 heteroatom selected from oxygen, sulfur or NRis. A preferred substituent for all Rl

moieties isCm alkyl, in particular methyl, and NR10R20, preferably where Rio and

R20 are hydrogen or methyl, more preferably Rio and R20 are hydrogen. A more

preferred substituent is the NR10R2O moiety. Preferred ring placement of the Rl

substituent for on the 4-pyridyl derivative is the 2-position, such as 2-methyl-4-pyridyl.

25 Preferred ring placement on the 4-pyrimidinyl is also at the 2-position, such as 2-

methyl-pyrimidine or 2-amino pyrimidine.

Suitably, R4 is phenyl, naphth-l-yl or naphth-2-yl, or a heteroaryl, which is

optionally substituted by one or two substituents. More preferably R4 is a phenyl or

naphthyl ring. Suitable substitutions for R4 when this is a 4-phenyl, 4-naphth- I-yl, 5-

30 naphth-2-yl or 6-naphth-2-yl moiety are one or two substituents each of which are

independently selected from halogen, -SR5, -SOR5, -OR6, CF3, or

-(CRioR20)mNRlOR20. and for other positions of substitution on these rings

preferred substitution is halogen, -S(0)mR3, -OR3, CF3, -(CRi6R20)mNRi3Rl4,

-NRioC(Z)R3 and -NRioS(0)mR3. Preferred substituents for the 4-position in phenyl

35 and naphth-l-yl and on the 5-position in naphth-2-yl include halogen, especially fluoro

and chloro and -SR5 and -SOR5 wherein R5 is preferably a Ci-2 alkyl, more

preferably methyl; of which the fluoro and chloro is more preferred, and most

especially preferred is fluoro. Preferred substituents for the 3-position in phenyl and

naphth-l-yl rings include: halogen, especially fluoro and chloro; -OR3, especiallyCm
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alkoxy; CF3, NRi6R20t such as amino; -NRioC(Z)R3, especially -NHCO(Cmo

alkyl); -NRloS(0)mR8. especially -NHSQ2(Cmo alkyl), and -SR3 and -SOR3

wherein R3 is preferably a Q-2 alkyl, more preferably methyl. When the phenyl ring

is disubstituted preferably it is two independent halogen moieties, such as fluoro and

5 chloro, preferably di-chloro and more preferably in the 3,4-position.

Preferably, the R4 moiety is an unsubstituted or substituted phenyl moiety.

More preferably, R4 is phenyl or phenyl substituted at the 4-position with fluoro and/or

substituted at the 3-position with fluoro, chloro,Cm alkoxy, methane-sulfonamido or

acetamido, or R4 is phenyl di-substituted at the 3,4-position with chloro or fluoro, more

10 preferably chloro. Most preferably R4 is a 4-fluorophenyL

In Formula (I), suitablyZ is oxygen.

. Suitably, R2 isCMO alkyl N3, -(CRioRMV OR9. heterocyclyl,

heterocyclylCi-10 alkyl, Ci-ioalkyl, halo-substituted Ci-io alkyl, C2-10 alkenyl, C2-

10 alkynyl, C3.L7 cycloalkyl, C3.7QrcioalkyIC1.10 alkyl, C5.7 cycloalkenyl, C5.7

15 cycloalkenyl Ci-io alkyl, aryl, arylCno alkyl, heteroaiyl, heteroarylCi-io alkyl,

(CRioR20)nORll, (CRioR20)nS(0)mRi8» (CRioR20)nNHS(0)2Rl8.

(CRl0R;20)nNRl3Rl4, (CRioR20)nNQ2. (CRl0R2O)nCN, (CRioR20)n'S02Rl8.

(CRi0R20)hS(O)m'NRi3Rl4, (CRl0R20)nC(25Rn, (CRioR20)nOC<Z)Rii f

(CRioR20)nC(Z)ORi 1, (CRioR20)nC(Z)NRl3Rl4, (CRl0R20)nC(Z)NRl 1OR9.

20 (CRioR20)nNRioC©Rll,(CRioR20)n>»10C®NRl3Rl4>

(CRl0R20)nN(OR6)C(Z)NRi3Rl4. (CRl()R20)nN(OR6)C(Z)Rl 1,

(CRl0R20)nC(=NOR6)Rll, (CRioR20)n^l()C(=NRi9)NRi3Rl4.

(CRl0R20)nOC(Z)NRi3Rl4t (CRl()R20)nNRlOC(Z)NRi3Rl4,

(CRiQR20)nNRl0C(Z)ORi0> 5-(Ri8>l,2,4-oxadizaol-3-yl or

25 4-(Ri2)-5-(Ri8Ri9M»5-dihydro- l,2,4-oxadiazol-3-yl;wherein the aryL arylalkyi,

heteroaiyl, heteroarylalkyl, heterocyclic, and heterocyclicaklyl moieties may be

optionally substituted; wherein n is an integer having a value of 1 to 10, m is 0, or the

integer 1 or 2; n* is 0, or an integer having a value of 1 to 10; and m* is 1 or 2.

Preferably n is 1 to 4.

30

Preferably R2 is an optionally substituted heterocyclyl ring, and optionally

substituted heterocyclyICi-10 alkyl, an optionally substituted Cmo alkyl, an

optionally substituted C3-7cycloaIkyl, an optionally substituted C3-7cycloalkyl Cmo
alkyl (CRl0R20)nC(Z)ORn group, (CRl0R20)nNRl3Rl4»

35 (CRioR20)nNHS(0)2Rl8. (CRl0R20)nS(O)raRi8, an optionally substituted aryl; an

optionally substituted arylCMO alkyl, (CRioR20)nORl 1, (CRioR20)nC(Z)Ri 1, or

(CRl0R20)nC(=NOR6)Rll group.
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More preferably R2 is an optionally substituted heterocyclyl ring, and

optionally substituted heterocyclylCi-io alkyl, optionally substituted aiyl,

(CRioR20)nNRi3Rl4- or (CRioR20)nC(Z)ORn group.

When R2 is an optionally substituted heterocyclyl the ring is preferably a

5 morpholino, pyrrolidinyl, orapiperidinylgroup. When the ring is optionally

substituted the substituents may be directly attached to the free nitrogen, such as in the

piperidinyl group or pyrrole ring, or on the ring itself. Preferably the ring is a

piperidine or pyrrole, more preferably piperidine. He heterocyclyl ring may be

optionally substituted one to four times independently by halogen; Ci-4 alkyl; aryl,

10 such as phenyl; aryl alkyl, such as.benzyl- wherein the aryl or aryl alkyl moieties •

themselves may be optionally substitued (as in the definition section below);

C(0)ORn, such as the C(0)d4 alkyl or C(0)OH moieities; C(0)H; C(0)Cm alkyl,

hydroxy substitutedCm alkyl, Ci-4 alkoxy, S(0)mCM alkyl (whereinm is 0, 1, or

2), NRioR20 (wherein Rio and R20 are independently hydrogen or Ci-4alkyl). 1

IS Preferably if the ring is a piperidine, the ring is attached to the imidazole at the

4-position, and the substituents are directly on the available nitrogen, i.e. a l-FbrmyI-4-

piperidine, l-benzyl-4-piperidine, l-methyl-4-piperidine, l-ethoxycarbonyl-4-

piperidine. If the ring is substiftted by an alkyl group and the ring u -

• position, it is preferably substituted in the 2 or 6 position or both, such as 2,2,6,6-

20 tetrametbyl-4-piperidine. Simiarly, if the ring is a pyrrole, the ring is attached to the

imidazole at the 3-position, and the substituents are aldo directly on the available

nitrogen.

When R2 is an optionally substituted heterocyclyl Ci-io alkyl group, the ring is

preferably a morpholino, pyrrolidinyl, or a piperidinyl group. Preferably this alkyl

25 moiety is from 1 to 4, more preferably 3 or 4, and most preferably 3, such as in a

propyl group. Preferred heterocyclic alkyl groups include but are not limited to,

morpholino ethyl, morpholino propyl, pyrrollidinyl propyl, and piperidinyl propyl

moieties. The heterocyclic ring herein is also optionally substiuted in a similar manner

to that indicated above for the direct attachement of the heterocycyl.

30 When R2 is an optionally substituted C^cycloalkyl, or an optionally

substituted C^cycloalkyl Ci-io alkyl the cycloalkyl group is preferably a C5 to C6

ring which ring may be optionally substituted 1 or more times independtiy by halogen,

such as fluorine, chlorine, bromine or iodine; hydroxy; Ci-10 alkoxy, such as methoxy

or ethoxy; S(0)m alkyl, whereinm is 0, l t or 2, such as methyl thio, methylsulfinyl or

35 methyl sulfonyl; amino, mono & di-substituted amino, such as in the NR7R17 group;

or where the R7R17 may cyclize together with the nitrogen to which they are attached

to form a 5 to 7 roembered ring which optionally includes an additional heteroatom

selected from O/N/S; Cmo alkyl, such as methyl, ethyl, propyl, isopropyl, or t-butyl;

halosubstitued alkyl, such as CF3; hydroxy substituted Ci-ioalkyl; C(0)ORn, such as
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the free acid or methyl ester derivative; an optionally substituted aryl, such as phenyl;

an optionally substituted arylalkyl, such as benzyl of phenethyl; and further where

these aiyl moieties may also be substituted one to two times by halogen; hydroxy; C]_

10 alkoxy; S(0)m alkyl; amino, mono & di-substituted amino, such as in the NR7R17

5 group; alkyl or halosubstfrued alkyl.

When R2 is (CRioR20)nNRl3Rl4. Rl3 and R14 are as defined in Formula

(I), that is R13 and R14 are each independently selected from hydrogen, optionally

substitutedCm alkyl, optionally substituted aryl or an optionally substituted aiyl-Ci-4

alkyl, or together with the nitrogen which they are attached form a heterocyclic ring of

10 5 to 7 members which ring optionally contains an additional heteroatom selected from

oxygen, sulfur or NR9. It is recognized that in some instances this can yield the same

moiety as a heterocyclic Cj-io alkyl moiety noted above which is also a suitable R2

variable. Preferably R13 and R14 are independently hydrogen,Cm alkyl, preferably

methyl, or benzyL TTie n term is preferably 1 to 4, more preferably 3 or 4, and most

15 preferably 3, such as in a propyl group. Preferred groups include, but are not limited

to, aminopropyl, (N-methyl-N-benzyl)aminopropyl, (N-Phenylmethyl)amino-l-propyl,

or diethylamino propyl.

When R2 is a (CRioR20)nC(Z)ORi 1 group, Rl l is suitably hydrogen, Cl-4

alkyl, especially methyL The n term is preferably 1 to 4, more preferably 2 or 3, such

20 as in an ethyl or propyl group. Preferred groups include, but are not limited to, .

carboxymethyl-l-butyl, carboxy-l-propyl, or 2-acetoxyethyL

When R2 is a (CRioR20)nS(0)mRl8 group m is 0, 1, or 2, and Ri 8 is

preferably aryl, especially phenyl, or Ci-io alkyl. especially methyL The n term is

preferably 1 to 4, more preferably 2 or 3, such as in an ethyl or propyl group.

25 When R2 is a (CRioR20)nORi 1 group, Ri 1 is suitably hydrogen, aryl,

especially phenyl, orCuo alkyl, especially methyl or'ethyl. The n term is preferably

1 to 4, more preferably 2 or 3, such as in an ethyl or propyl group.

When R2 is a (CRioR20)nNHS(0)2Rl8 group, £18 is suitably alkyl,

especially methyL The n term is preferably 1 to 4, more preferably 2 or 3, such as in an

30 ethyl or propyl group.

When R2 is a optionally substituted aryl, the aryl is preferably phenyl. The aryl

ring may be optionally substituted one or more times, preferably by one or two

substituents, independently selected from C1.4 alkyL halogen, especially fluoro or

chloro, (CRioR20)tORl 1, -(CRioR20)tNRl()R20 . especially amino or mono- or di-

35 alkylamino -(CRioR20)tS(0)mRl8» wherein m is 0, 1 or 2 ; - SH-,

-(CRioR20)nNRl3Rl4, -NRioC(Z)R3 (such -NHCO(Cmo alkyl)); -NRioS(0)mR8
(such as -NHS02(Cmo alkyl)); t is 0, or an integer of 1 to 4. Preferably the phenyl is

substituted in the 3 or 4- position by -(CRioR20)tS(0)mRl8» and Ri8 is preferably

Cl-10 alkyl, especially methyL
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When R2 is an optionally substituted beteroaxyl or heteroarylalkyl group the

ring may be optionally substituted one or more times, preferably by one or two

substituents, independently selected from one or more times, byCm alkyl halogen,

especially fluoro or chloro, (CRioR20)tORll, -(CRioR20)tNRlOR20 , especially

5 amino or mono- or di-alkylamino -(CRioR20)tS(P)mRi8, whereinm is 0, 1 or 2 ;
-

-(CRioR20)n-NRl3Rl4» -NRl0C(Z)R3 (such -NHCO(Cl-lO alkyl));

-NRioS(0)mR8 (such as -NHSQ2(Cno alkyl)); t is 0, or an integer of 1 to 4.

One skilled in the art would readily recognize that when R2 is a

(CRioR20)nOC(Z)Rii, or (CRioR20)nOC(Z)NRi3Rl4 moiety, or any similarly

10 substituted group thatn is preferably at least 2 which will allow for the synthesis of

stable compounds*

Preferably R2 is a Ci-4 alkyl (branched and unbranched), especially methyl, a

methylthio propyl, a methylsulflnyl propyl, an amino propyl, N-methyl-N-benzylamino

15 propyl group, diethylamino propyl, cyclopropyl methyl, morpholinyl butyl,

morpholinyl propyl, a morpholinyl ethyl, a piperidine or a substituted piperidine.

More preferably R2 is a methyl, isopropyl, butyl, t-butyl, n-propyl, methylthiopropyl,

or methylsulflnyl propyl, morpholino propyl, morpholinyl butyl, phenyl substituted by *

halogen, thioalkyl or sulfinyl alkyl such as a methylthio, methylsulflnyl or

20 methylsulfonyl moiety, piperidinyl, l-Forrayl-4-piperidine, l-ben2yl-4-piperidine, 1-

methyl-4-piperidine, or a l-ethoxycarbonyl-4-piperidine.

In all instances herein where there is an alkenyl or alkynyl moiety as a

substituent group, the unsaturated linkage, i.e., the vinylene or acetylene linkage is

preferably not directly attached to the nitrogen, oxygen or sulfur moieties, for instance

25 in OR3, or for certain R2 moieties-

As used herein, "optionally substituted" unless specifically defined shall mean

such groups as halogen, such as fluorine, chlorine,' bromine or iodine; hydroxy;

hydroxy substituted Ci-ioalkyl; Ci-io alkoxy, such as methoxy or ethoxy; S(0)ra

alkyl, whereinm is 0, 1 or 2, such as methyl thio, methylsulflnyl or methyl sulfonyl;

30 amino, mono & di-substituted amino, such as in die NR7R17 group; or where the

R7R17 may together with the nitrogen to which they are attached cyclize to form a 5 to

7 membered ring which optionally includes an additional heteroatom selected from

O/N/S; C]- 10 alkyl, cycloalkyl, or cycloalkyl alkyl group, such as methyl, ethyl,

propyl, isopropyl, t-butyl, etc. or cyclopropyl methyl; halosubstituted Cmo alkyl, such

35 CF3; an optionally substituted aryl, such as phenyl, or an optionally substituted

aiylalkyl, such as benzyl or phenethyl, wherein these aryl moieties may also be

substituted one to two times by halogen; hydroxy; hydroxy substituted alkyl; Ci-io

alkoxy; S(0)ra alkyl; amino, mono & di-substituted amino, such as in the NR7R17

group; alkyl, orCF3.
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In a preferred subgenus of compounds ofFormula (I), Ri is 4-pyridyl;.2-aIkyl-

4-pyridyIf 4-quinoIyl, 4-pyrimidinyl, or 2-araino-4-pyrimidinyl; R2 is morpholinyl

propyl, aminopropyl, piperidinyl, N-benzyI-4-piperidine, or a N-methylr4-piperidine;

5 and R4 is phenyl or phenyl substituted one or two times by fluoro, chloro, C14 alkoxy,

-S(0)m alkyl methanesulfonamido or acetaunido.

A preferred subgrouping of compounds of Formula (I) are those where R2 is

other than methyl when Ri is pyridyl, and R4 is an optionally substituted phenyl.

10 Suitable pharmaceutical^ acceptable salts are well known to those skilled in

the art and include basic salts of inorganic and organic acids, such as hydrochloric acid,

hydrobromic acid, sulphuric acid, phosphoric add, methane sulphonic acid, ethane

sulphonic acid, acetic acid, malic acid, tartaric acid, citric acid, lactic acid, oxalic acid,

succinic acid, fumaric acid, maleic acid, benzoic acid, salicylic acid, phenylacetic acid

15 and mandelic acid. In addition, phannaceutically acceptable salts of compounds of

Formula (I) may also be formed with a phannaceutically acceptable cation, for

instance, if a substituent group comprises a carboxy moiety. Suitable pharmaceiftically

acceptable cations are well known to those skilled in the art and include alkaline,

alkaline earth, ammonium and quaternary ammonium cations.

20

The following terms, as used herein, refer to:

• "halo" or "halogens", include the halogens: chloro, fluoro, bromo and iodo.

• "Cj.ioalkyr or "aBcyl" - both straight and branched chain radicals of 1 to 10

carbon atoms, unless the chain length is otherwise limited, including, but not limited to,

25 methyl, ethyl, n-prppyl, iso-propyl, n-butyl, jec-butyi, uo-bntyl, rer/-butyl, n-pentyl

and the like.

• The term "cycloalkyl" is used herein to mean cyclic radicals, preferably of 3

to 8 carbons, including but not limited to cyclopropyl, cyclopentyl, cyclohexyl, and the

like.

30 • The term "cycloalkenyl" is used herein to mean cyclic radicals, preferably of

5 to 8 carbons, which have at least one bond including but not limited to cyclopentenyl,

cyclohexenyl, and the like.

• The term "alkenyl" is used herein at all occurrences to mean straight or

35 branched chain radical of 2-10 carbon atoms, unless the chain length is limited thereto,

including, but not limited to ethenyl, 1-propenyl, 2-propenyl, 2-methyl-l-propenyi, 1-

butenyl, 2-butenyl and the like.

• "aryl" - phenyl and naphthyl;
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• "heteroaryr (on its own or in any combination, such as "heteroaryloxy", or

"heteroaryl alkyl") - a 5-10 membered aromatic ring system in which one or more rings

contain one or more heteroatoras selected from the group consisting of N, O or S t such

as, but not limited, to pyrrole, pyrazole, furan, thiophene, quinoline, isoquinoline,

5 quinazolinyl, pyridine, pyriraidine, oxazole, thiazoie, thiadiazole, triazole, imidazole,

orbehzimidazole.

• "heterocyclic" (on its own or in any combination, such as "heterocyclylalkyl")

- a saturated or partially unsaturated 4-10 membered ring system in which one or more

rings contain one or more heteroatoms selected from the group consisting ofN, O, or

10 S; such as, but not limited to, pyrrolidine, piperidine, piperazine, morpholine,

tetrahydro'pyran, or imidazolidine.

• The term "aralkyr or "heteroarylalkyl" or "heterocyclicalkyl" is used herein

to mean Ci-4 alkyl as defined above attached to an aryl, heteroaryl or heterocyclic

moiety as also defined herein unless otherwise indicate.

15 • "sulfinyl" - the oxide S (O) of the corresponding sulfide, the term "thio"

refers to the sulfide, and the term "sulfonyl" refers to the fully oxidized S (0)2 moiety.

.• "aroyl" - a C(0)Ar, wherein Ar is as phenyl, naphthyl, or aryl alkyl

derivative such as defined above, such group include but are note limited to benzyl and

phenethyl.

20 • "alkanoyl" - a C(0)Cmo alkyl wherein the alkyl is as defined above.

The compounds of the present invention may contain one or more asymmetric

carbon atoms and may exist in racemic and optically active forms. All of these

compounds are included within the scope of the present invention.

25

Exemplified compounds of Formula (I) include:

l-[3-(4-MorphoIfoyI)propyl]^(4^

l-(3-CMoropropyl>4-(4-fluorophenyI)^

l-(3-Azidopropyl)4-(4-fluorophenyl)-5-(4-pyridyl)imidazole;

30 l-(3-Aminopropyl)^(4-fluorophenyl)-5-(4-pyridyl)imida2ole;

l-(3-MethylsulfonanudopropyI)-^

l-[3-(N-PhenylraethyI)aminopropyl]^(4-flu^

1-[3-(N-PhenylmethyI-N-methyl)arainopropyI)^(4-fluorophenyl)-5^

pyridyl)imidazoIe;

35 l-[3-(l-PyrcoUdinyl)propyll-4-(4-fluo

l-(3-Diethylaminopropyl)^(4»fluorophenyl)-5-(4-pyridyl)imidazole;

l-[3-(l -Piperidinyl)propyl]^(4-nuorophenyl>5-<4-pyridyl)imid

l-[3-(MethyIthio)propyI]^(4-fluorophenyl)-5<4-pyridyl)imidazoIe;

l-[2-(4-Morpho!tayl)ethyl]^(4-fluorophenyl>5-(4-pyridyI)imidazole;
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l-[3-(4-Morpholinyl)propyl]-4^

l-[3-(4-Morpholinyl)propyl]-4^3-raet^

l-[3-(N-methyl-N-bei^

pyridyl)imidazole;

5 l-[3^-methyl-N-ben2yl)amkopn>py^^

pyridyl)iniidazole;

l-[4^ethyltMo)phenyI]^(4-flro

H4-(Methylsulfinyl)phenyQ^^

l-[3-(MetbyltWo)phenyIl^(4-fluorophenyl)-5<4-pyridyl)imidaM

10 H3-(Methylsulfinyl)phenyI]^(^

l-[2KMethyltMo)phenyI]^(4-fluorophe

l-[2KMethylsulfinyl)phenyI]^(^^

l-[4^4-Morpholinyl)bmyI]^(^

l-Cyctopropyl^(4-fluorophenyI)-5-(4-pyridyl)imida^

15 1 -Isopropyl^(4-fluorophenyl>5-(4-pyridyl)imidazole;

l<^clopropylmethyl^4-fluorophenyl)-5-(4-pyridy0imidazole;

l-tert-Butyl^(4-fluorophenyl)-5-(4-pyridyl)imidazole;

l-(2^-Diethoxyethyl)^(4-fluorophenyl)-5-(4-pyridyl)im^

l-ForrayImethyl^(4-fluorophenyl)-5-(4-pyridyl)imidazole;

20 l-Hydroxyiminylmethyl^(4-fluorophenyl)-5-(4-pyridyl)i^

l-C^anomethyl^(4-fluorophcnyl)-5-(4-pyridyl)inudazote

l-[3K4-Moipholinyl)propyl)^(4-fluoro^^

4-(4-Huorophenyl)-l-[3-(^ imidazole;

4-(4-Huorophenyl)-l-[3-(4-moipholinyl)propyl]-5-(2-amin^ imidazole;

25 l-(4<:arboxymethyl)propyl^

l-(4<!aiboxypropyl)^(4-fluorophenyl>5-(4-pyridyl)imidazole;

l-(3<Iarboxymethyl)ethyl^(4-fluorophe^

l-(3<;arboxy)ethyl-4-(4-fluorophenyl)-5-(4-pyridyl)imidazole;

l-(l-Benzylpiperidin^yl)^(4-fluorophrayl)-5-(4-pyridyl^ imidazole;

30 5-(2-Aminopyrimidin^yl^

5-(2-Aininopyrimidin^yl)^(4-fluorophenyl)-l-(l-benzylpip

5-(2-Aminopyrimidin^yl)^(4-fluorophenyl)-l-(2-propyl)imid^

5-(2-Arainopyrimidin^yl)^(^^

5-(2nAminopyrimidfo^yl)^

35 piperidinyl)imidazole;

5-(2-Aminopyrimidin^yl)^^ imidazole;

l-Methyl-4-phenyl-5-(4-pyridyl)imidazole;

l-Methyl-4-[3-(chlorophenyl)]-5-[4-pyridiiiyl]imidazole;

l-Methyl^(3-methylthiophenyl)-5<4-pyridyl)imidazole;
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l-Methyl-4-(3-methylsulfinylphe^

(*/-)^(4-Huon)pIienyl)-H3-fa^

4-(4-nuorophenyl>l-[(3-methylsulfonyl)propylJ-5-(4-pyridm

l-(3-PhenoxypropyI)^(4-fluorophenyI)-5<4-pyridinyl)i^

5 H3;(Phenylthio)propyl]^(4-fluoro^^

H3-(4-Moipholinyl)pfopyl]^(4-^^

(+/-)- 1-(3-Phenylsulfinylpropyl)^(4-fluorbphe^

l-(3-Ethoxypropyl)^(4-fluorophOTyI)-5-(4-pyridinyl)imidazole;

l-(3-Phenylsulfonylpropyl^(4-fluorophenyl>5-(4-pyridinyl)im

10 l-[3-(4-MorphoIinyl)propyl]-4-(3^hlorophe^
,

l-t3-(4-MorphoIinyl)propyl]^P»4-(ficUorophenyl)-5-(4-pyridyl)i^

4-[4-(4-Huorophenyl)-l-[3<4-morpholinyl)propyl]-5-(pyrto

4-(4-FluorophenyI)-5-[2-(methyltW^

imidazole;

15 4-(4-Huorophenyl>5-[2-(methyIsul^

propyl]imidazoIe;

(E>l-iCl-Propenyl)^4-fluorophenyI)-5-(4-pyiidinyI)imidazole;

l-(2-Propenyl)^(4-fluorophenyl)-5-(4-pyridinyl)imida2oIe;

. 5-[(2-NJM>imethylamino)pyrim^

20 propyl]imidazole;

l-[3-(4-MorphoIinyl)propyl]-5-(4-pyrid^

l-[3-(4-MorphoImyI)propyl]-5-(^

HCyclopropylmethyl)^(3AdicWoropI^

l-(Cyclopropylmethyl)4-(3-trifl^^

25 I-(Cyclopropylmethyl)^(4-fluorophenyl^^

H3^4-Morpholmyl)propyl>5-(4~py^

imidazole

5-[4-(2-Aminopyrimidinyl)]-4-(4-fluorophenyl)- l-(2-cart>oxy-2f
2-

dimethyletbyl)imidazole;

30 l-(l-Forrayl^pipmdtayl)^(4-fluorop

5-(2-Amino^pyrimidinyl)-4-(4-fluorophenyl)- 1 -( 1-methyl-4-piperidinyl)imiclazoIe;

l-(2£-Dimethyl-3-morpholfo^yI)pro^

pyrimidinyl)imidazole;

4-(4-Hoorophenyl)-5-(4-pyridyl)-l-(2-acetoxyethyI)imidazole.

35 5-(2-Arainopyiiraidin-4-yl)^(^

5-(2-Arainopyriraidm^yl)^(4-fluoroph^

yl)imida20le.
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Preferred compounds of Formula (I) include:

5-[4-(2-Amfao)pyrimidm^

propyljimidazole;

5-[4-(2-AminopyrimidinyI)^(4-flTO

5 5^2-Amino^pyrimidinyl)^

5-(2-Ammo^pyrimidmyl)^

imidazole.

Another aspect of the present invention is the compound, 4-phenyl-5-[4-

10 pyridyI)imidazole. Another aspect is of the present invention is a pharmaceutical .

composition comprising a carrier or diluent and effective amount of 4~phenyl-5-[4-

pyridyl)imidazole. Yet another aspect of the present invention is the novel method of

treating a cytokine mediated disease state, in a mammal in need thereof, with an

effective amount of 4-phenyl-5-[4-pyridyl)imidazole.

15 For purposes herein the dosage ranges, formulation details, and methods of

making are analogous to the compounds of Formula (I).

The compounds of Formula (I) may be obtained by applying synthetic

procedures, some of which are illustrated in Schemes I and V. The synthesis provided

20 for in these Schemes is applicable for the producing compounds ofFormula (I) having a

variety of different Rl, R2, and R4 groups which are reacted, employing optional

substituents which are suitably protected, to achieve compatibility with the reactions

outlined herein. Subsequent deprotection, in those cases, then affords compounds of the

nature generally disclosed. Once the imidazole nucleus has been established, further

25 compounds of Formula (I) may be prepared by applying standard techniques for

functional group interconversion, well known in the art

For instance: -C(0)NRi3Ri4 from -CO2CH3 by heating with or without

catalytic metal cyanide, e.g. NaCN, and HNR13R14 in CtfeOH; -OC(0)R3 from -OH

with e.g., C1C(0)R3 in pyridine; -NRiO-C(S)NRi3Rl4 from -NHR10 with an

30 alkylisothiocyante or thiocyanic acid; NR6C(0)OR6 from -NHR6 with the alkyl

chloroformate; -NRioC(0)NRi3Ri4 from -NHR10 by treatment with an isocyanate,

e.g. HN=C=0 or RioN=C=0; -NRio-C(0)R8 from -NHR10 by treatment with Cl-

C(0)R3 in pyridine; -C(=NRio)NRl3Rl4 from -C(NRl3Rl4)SR3 with H3NR3+OAC

by heating in alcohol; -C(NRi3Ri4)SR3 from -C(S)NRi3Ri4 with R6-I in an inert

35 solvent, e.g. acetone; -C(S)NRi3Ri4 (where R13 or R14 is not hydrogen) from

-C(S)NH2 with HNRl3Rl4-C(=NCN)-NRl3Rl4 from -C(=NRi3Rl4)-SR3 with

NH2CN by heating in anhydrous alcohol, alternatively from -C(=NH)-NRl3Rl4 by

treatment with BrCN and NaOEt in EtOH; -NRio-C(=NCN)SR8 from -NHR10 by

treatment with (RgS)2C=NCN; -NR10SO2R3 froftl -NHR10 by treatment with
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CISO2R3 by heating in pyridine; -NRioC(S)R3 from -NRioC(Q)R8 by treatment with

Lawesson's reagent [2,4-t«(4-raethoxyphenyI)-13»2,4-dithiadiphosphetane-2l
4-

. disulfide]; -NR10SO2CF3 from -NHR6 with triflic anhydride and base wherein R3,

R6, RlO. Rl3 and Rj4 are as defined in Formula (I) herein.

5

R<CHO (V) +ArS(0\,H R«CH2NH2 (VHJ)

SCHEME!

Referring to Scheme I the compounds of Formula (I) are suitably prepared by

10 reacting a compound of the Formula (II) with a compound of the Formula (HI) wherein

p is 0, 1 or 2, Rj, R2 and R4 are as defined herein, or are precursors of the groups Ri,

R2 and R4, and Ar is an optionally substituted phenyl group, and thereafter if necessary

converting a precursor of Ri, R2 and R4 to a group R], R2 and R4.
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Suitably Ar is phenyl optionally substituted by Ci^alkyl, C1.4 alkoxy or halo.

Preferably Ar is phenyl or 4-methylphenyl. Suitably the reaction is performed at

ambient temperature or with cooling (e.g. -50° to 10° ) in an inert solvent such as

methylene chloride, tetrahydrofuran, toluene or dimethoxyethane in the.presence of an

5 appropriate base such as 1 ,8-diazabicyclo [5.4.0.] undec-7-ene (DBU) or a guanidine

base such as 1,5,7- triazabicyclo [4.4.0] dec-5-ene (TBD). Suitably p is 0 or 2,

preferably p is 0 in which case the intermediates of formula (II) am very stable and

capable of storage for a long time.

Precursors of the groups Ri, R2 and R4 can be other Rj, R2 and R4 groups

10 which can be interconverted by applying standard techniques for functional group •

interconversion. For example a compound of the formula (1) wherein R2 is halo

-substitutedCuo alkyl can be converted to the correspondingCuo alkylN3

derivative by reacting with a suitable azide salt, and thereafter if desired can be reduced

to the corresponding Ci.ioalkylNH2 compound, which in turn can be reacted with

15 Ri8S(0)2X whereinX is halo (e.g., chloro) to yield the corresponding

Ci.ioalkylNHS(0)2Ri8 compound.

Alternatively a compound of the formula (1) where R2 is halo-substituted

Cuo-alkyl can be reacted with an amine R13R14NH to yield the corresponding

Ci_io-alkylNRi3Ri4 compound, or can be reacted with an alkali metal salt of RigSH

20 to yield the correspondingC i.K>alkylSRi8 compound.

In a further aspect the present invention provides compounds of the Formula

(II) as defined herein with the proviso that when ArS(0)
p

is tosyl, then R4 is not an

unsubstituted phenyl.

The compounds of Formula (II), in Scheme I, may be prepared by the methods

25 of Van Leusen et aLf JOC, 42, 1 153 (1977). For example a compound of the Formula

(II) may be prepared by dehydrating a compound of the Formula (TV) wherein Ar, R4

and p are as defined herein.

Suitable dehydrating agents include phosphorus oxychloride, oxalyl chloride or

tosyl chloride in the presence of a suitable base such as triethylamine.

30 The compounds of formula (IV) may be prepared by reacting a compound of

the formula (V) R4CHO whereR4 is as defined herein, with ArS(0)
p
H and formamide

under dehydrating conditions at ambient or elevated temperature e.g. 30° to 150°,

conveniently at reflux, optionally in the presence of an acid catalyst Alternatively

triraethysilylchloride can be used in place of the acid catalyst Examples of arid

35 catalysts include caraphor-10-sulphonic acid, p-toluenesulphonic acid, hydrogen

chloride or sulphuric acid.

The compounds of the formula (H) where p is 2 may also be prepared by

reacting in the presence of a strong base a compound of the formula (VI) R4CH2NC
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with a compound of the formula (VII) ArSC^Lj wherein R4 and Ar are as defined

herein and Lj is a leaving group such as halo, e.g. fluoro. Suitable strong bases include

alkyl lithiums such as butyl lithium or lithium diisopropylamide.

The compounds of formula (VI) may be prepared by reacting a compound of

5 the formula (Vm) R4CH2NH2 with an alkyl formate (e.g. ethylforraate) to yield an

intermediate amide which can be converted to the desired isonitrile by reacting with a

dehydrating agent such as oxalylchloride, phosphorus oxychloride or tosyl chloride in

the presence of a suitable base such as triethylamine.

Alternatively a compound of the formula (Vm) may be converted to a

10 compound of the formula (VI) by reaction with chloroform and sodium hydroxide in

aqueous dichloromethane under phase transfer catalysis.

The compounds of the formula (DJ) may be prepared by reacting a compound

of the formulaRjCHO with a primary amine R2NH2.

The amino compounds of the formula (VIII) are known or can be prepared from

IS the corresponding alcohols, oximes or amides using standard functional group'

interconversions.

In a further process, compounds of Formula (I) may be prepared by coupling a

suitable derivative of a compound of Formula (K):

20
R2

wherein T] is hydrogen and T4 is R4 , or alternatively T] is Ri and T4 is H in which

Rl, R2 and R4 are as hereinbefore defined; with: (i) when T] is hydrogen, a suitable

25 . derivative of the heteroaryl ring RiH, under ring coupling conditions, to effect

coupling of the heteroaryl ring Ri to the imidazole nucleus at position 5; (ii) when T4

is hydrogen, a suitable derivative of the aryl ring R4H, under ring coupling conditions,

to effect coupling of the aryl ring R4 to the imidazole nucleus at position 4.

Such aryl/heteroaryl coupling reactions are well known to those skilled in the

30 ait In general, an organometallic synthetic equivalent of an anion of one component is

coupled with a reactive derivative of the second component, in the presence of a

suitable catalyst Hie anion equivalent may be formed from either the imidazole of

Formula (DQ, in which case the aryl/heteroaryl compound provides the reactive

derivative, or the aryl/heteroaiyl compound in which case the imidazole provides the

35 reactive derivative. Accordingly, suitable derivatives of the compound of Formula (DC)
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or the aryl/heteroaryl rings include organoraetallic derivatives such as

organoraagaesiura, organozinc, organostannane and boronic acid derivatives and

suitable reactive derivatives include the bromo, iodo, fluorosulfonate and

trifluoromethanesulphonate derivatives. Suitable procedures are described inWO
5 91/19497, the disclosure of which is incorporated by reference herein.

,

> Suitable organomagnesium and organozinc derivatives of a compound of

Formula (IX) may be reacted with a halogen, fluorosulfonate or triflate derivative of

the heteroaryl or aryl ring, in the presence of a ring coupling catalyst, such as a

palladium ,(0) or palladium (II) catalyst, following the procedure of Kumada et al t

10 Tetrahedron Letters, 22, 5319 (1981). Suitable such catalysts include tetrakis-

(triphenylphosphine)paIladium and PdCl2[L4-iis-(diphenylphosphino)-butane],

optionally in the presence of lithium chloride and a base, such as triethylamine. In

addition, a nickel (II) catalyst, such as Ni(D)Cl2(l»2-biphenylphosphino)ethane, may

also be used for coupling an aryl ring, following the procedure of Pridgen, J Org Ghem,

IS 1982, 47, 4319. Suitable reaction solvents include hexamethylphosphor-amide. When

the heteroaryl ring is 4-pyridyl, suitable derivatives include 4-bromo- and 4-iodo-

pyridine and the fluorosulfonate and triflate esters of4-hydroxy pyridine. Similarly,

suitable derivatives for when the aryl ring is phenyl include the bromo, fluorosulfonate, *

triflate and, preferably, the iodo-derivatives. Suitable organomagnesium and

20 organozinc derivatives may be obtained by treating a compound of Formula (IX) or the

bromo derivative thereof with an alkyllithium compound to yield the corresponding

lithium reagent by deprotonation or transmetallation, respectively. This lithium

intermediate may then be treated with an excess of a magnesium halide or zinc halide

to yield the corresponding organometallic reagent

25 A trialkyltin derivative of the compound of Formula (DC) may be treated with a

bromide, fluorosulfonate, triflate, or, preferably, iodide derivative of an aryl or

heteroaryl ring compound, in an inert solvent such as tetrahydrofuran, preferably

containing 10% hexamethylphosphoramide, in the presence of a suitable coupling

catalyst, such as a palladium (0) catalyst, for instance tetrcdds-

30 (triphenylphosphine)palladium, by the method described in by Stille, J Amer Chem

Soc, 1987, 109, 5478, US Patents 4,719,218 and 5,002,942, or by using a palladium

(II) catalyst in the presence of lithium chloride optionally with an added base such as

triethylamine, in an inert solvent such as dimethyl formamide. Trialkyltin derivatives

may be conveniently obtained by metallation of the corresponding compound of

35 Formula (IX) with a lithiating agent, such as 5-butyl-lithium or n-butyllithium, in an

ethereal solvent, such as tetrahydrofuran, or treatment of the bromo derivative of the

corresponding compound of Formula (IX) with an alkyl lithium, followed, in each

case, by treatment with a trialkyltin halide. Alternatively, the bromo- derivative of a

compound of Formula (IX) may be treated with a suitable heteroaryl or aryl trialkyl tin
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compound in the presence of a catalyst such as /errofaj-(triphenyl-phosphine)-

palladium, under conditions similar to those described above.

Boronic acid derivatives are also usefuL Hence, a suitable derivative of a

compound of Formula (IX), such as the bromo, iodo, triflate or fluorosulphonate

5 derivative, may be reacted with a heteroaryl- or aryl-boronic acid, in the presence of a

palladium catalyst such as ^/roH5<triphenylphosphine)-palladium or PdCl2[l»4-fc£s-

(diphenyl-phosphino)-butane] in the presence of a base such as sodium bicarbonate,

under reflux conditions, in a solvent such as dimethoxyethane (see Fischer and

Haviniga, Rec. Trav. Chira. Pays Bas, 84, 439, 1965, Snieckus, V., Tetrahedron Lett,

10 29, 2135, 1988 and Terashimia, M., Chem. Pharm. BulL, 11, 4755, 1985). Non- .

aqueous conditions, for instance, a solvent such as DMF, at a temperature of about

100°C, in the presence ofa Pd(II) catalyst may also be employed (see ThompsonW J

et al, J Org Chem, 49, 5237, 1984). Suitable boronic acid derivatives may be prepared

by treating the magnesium or lithium derivative with a trialkylborate ester, such a$

15 triethyl, tri-fro-propyl or tributylboraie, according to standard procedures.

In such coupling reactions, it will be readily appreciated that due regard must be

exercised with respect to functional groups present in the compounds ofFormula (IX).

Thus, in general, amino and sulfur substituents should be non-oxidised or protected.

Compounds ofFormula (DC) are imidazoles and may be obtained by any of the

20 procedures herein before described for preparing compounds of Formula (I). In

particular, an a-halo-ketone or other suitably activated ketones R4COCH2HaI (for

compounds of Formula (DC) in whichTi is hydrogen) or RiCOCHfeHal (for

compounds of Formula (DC) in which T4 is hydrogen) may be reacted with an amidine

of the formula R2NH-C=NH, wherein R2 is as defined in Formula (I), or a salt thereof,

25 in an inert solvent such as a halogenated hydrocarbon solvent, for instance chloroform,

at a moderately elevated temperature, and, if necessary, in the presence of a suitable

condensation agent such as a base, The preparation of suitable a-halo-ketones is

described inWO 91/19497. Suitable reactive esters include esters of strong organic

acids such as a lower alkane sulphonic or aryl sulphonic acid, for instance, methane or

30 p-toluene sulphonic acid. The amidine is preferably used as the salt, suitably the

hydrochloride salt, which may then be converted into the free amidine in situ , by

employing a two phase system in which the reactive ester is in an inert organic solvent

such as chloroform, and the salt is in an aqueous phase to which a solution of an

aqueous base is slowly added, in dimolar amount, with vigorous stirring. Suitable

35 amidines may be obtained by standard methods, see for instance, Garigipati R,

Tetrahedron Letters, 190, 31, 1989.

Compounds of Formula (I) may also be prepared by a process which comprises

reacting a compound of Formula (DC), wherein Ti is hydrogen, with an N-acyl

heteroaryl salt, according to the method disclosed in US patent 4,803,279, US patent
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4,719,218 and US patent 5,002,942, to give an intermediate in which the heteroaryl

ring is attached to the imidazole nucleus and is present as a 1,4-dihydro derivative

thereof, which intermediate may then be subjected to oxidative-deacylation conditions

(Scheme II). The heteroaryl salt, for instance a pyridinium salt, may be either

5 preformed or, more preferably, prepared in situ by adding a substituted carbonyl halide

(such as an acyl halide, an aroyl halide, an arylalkyl haloformate ester, or, preferably,

an alkyl haloformate ester, such as acetyl bromide, benzoylchloride, benzyl

chloroformate, or, preferably, ethyl chloroformate) to a solution of the compound of

Formula (DC) in the heteroaryl compound RiH or in an inert solvent such as methylene

10 chloride to which the heteroaryl compound has been added. Suitable deacylating and

oxidising conditions are described in U.S. Patent Nos. 4,803,279, 4,719,218 and

5,002,942, which references are hereby incorporated by reference in their entirety.

Suitable oxidizing systems include sulfur in an inert solvent or solvent mixture, such as

decalin, decalin and diglyme, j?-cymene, xylene or mesitylene, under reflux conditions,

15 or, preferably, potassium r-butoxide in f-butanol with dry air of oxygen.

Sfttecafirq or
v

K* 1-butDxkfefelr

SCHEME H
20

In a further process, illustrated in Schemem below, compounds of Formula (I)

may be prepared by treating a compound of Formula Qi) thermally or with the aid of a

cyclising agent such as phosphorus oxychloride or phosphorus pentachloride (see

Engel and Steglich, Liebigs Ann Chem, 1978, 1916 and Strzybny et al. 9 J Org Chem,

25 1963, 28, 3381). Compounds of Formula (X) may be obtained, for instance, by

acylating the corresponding a-keto-amine with an activated formate derivative such as

the corresponding anhydride, under standard acylating conditions followed by

formation of the iraine with R2NH2. The aminoketone may be derived from the parent

ketone by oxamination and reduction and the requisite ketone may in turn be prepared

30 by decarboxylation of the beta-ketoester obtained from the condensation of an aryl

(heteroaryl) acetic ester with the RiCOX component
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X
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formula (X)

SCHEME in

10

In Scheme IV illustrated below, two (2) different routes which use ketone

(formula XI) for preparing a compound ofFormula (I). A heterocyclic ketone (XI) is

prepared by adding the anion of the alkyl heterocycie such as 4-roethyl-quinoIine

(prepared by treatment thereof with an alkyl lithium, such as n-butyl lithium) to an N-

alkyl-O-alkoxybenzamide, ester, or any other suitably activated derivative of the same

oxidation state. Alternatively, the anion may be condensed with a benzaldehyde, to

give an alcohol which is then oxidised to the ketone (XI).

x

(M)

NH

R

B>0 ©

, ."a

15 SCHEME IV

In a further process, N-substituted compounds of Formula (I) may be prepared

by treating the anion of an amide of Formula (XII):

R1CH2NR2COH (XII)

20 wherein Rj and R.2 with:

(a) a nitrite of the Formula (Xm):

R4CN (Xm)

wherein R4 is as hereinbefore defined, or •

(b) an excess ofan acyl halide, for instance an acyl chloride, of the Formula

25 (XIV):

R4COIM (XIV)
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wherein R4 is as hereinbefore defined and Hal is halogen, or a corresponding

anhydride, to give a fcts-acylated intermediate which is then treated with a source of

ammonia, such as ammonium acetate.

RaHN base Ri\^ci • r2 —: :

—--
_ , "i\^nyH RVM T>

J~" n^N

1.)U+-N0-Pr)2 B . ..-
R2

O' R/

3 m

SCHEMEV

One variation of this approach is illustrated in SchemeV above. A primary

10 amine (R2NH2) is treated with a halomethyl heterocycle ofFormula R1CH2X to give

the secondary amine which is then converted to the amide by standard techniques.

Alternatively the amide may be prepared as illustrated in scheme V by alkylation of the

formamide with R4CH2X. Deprotonation of this amide with a strong amide base, such

as lithium di-fro-propyl amide or sodium &£r-(trimethyMyl)amide, followed by

15 addition of an excess of an aroyl chloride yields the fcir-acylated compound which is

then closed to an imidazole compound of Formula (I), by heating in acetic acid

containing ammonium acetate. Alternatively, the anion of the amide may be reacted

with a substituted aryl nitrile to produce the imidazole of Formula (I) directly.

20 Suitable protecting groups for use with hydroxy! groups and the imidazole

nitrogen are well known in the art and described in many references, for instance,

Protecting Groups in Organic Synthesis, GreeneTW, Wiley-Interscience, New York,

1981. Suitable examples of hydroxyl protecting groups include silyl ethers, such as t-

butyldimelhy] or t-butyldiphenyl, and alkyl ethers, such as methyl connected by an

25 alkyl chain of variable link, (CRioR20)n- Suitable examples of imidazole nitrogen

protecting groups include tetrahydropyranyL

Pharraaceutically acid addition salts of compounds of Formula (I) may be

obtained in known manner, for example by treatment thereof with an appropriate

amount of acid in the presence of a suitable solvent

30 In the Examples, all temperatures are in degrees Centigrade (°C). Mass spectra

were performed upon aVG Zab mass spectrometer using fast atom bombardment,

unless otherwise indicated. *H-NMR (hereinafter
MNMR") spectra were recorded at

250 MHz using a BrokerAM 250 orAm 400 spectrometer. Multiplicities indicated

are: s=$inglet, d=doublet, t=triplet, q=quartet, m=multiplet and br indicates a broad
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signal. SaL indicates a saturated solution, eq Indicates the proportion of a molar

equivalent of reagent relative to the principal reactant

Rash chromatography is run over Merck Silica -gel 60 (230 - 400 mesh).

5 SYNTHETIC EXAMPLES

The invention will now be described by reference to the following examples

which aie merely illustrative and are not to be construed as a limitation of the scope of

the present invention. All temperatures are given in degrees centigrade, all solvents are

highest available purity and all reactions run under anydrous conditions in an argon

10 atmosphere unless otherwise indicated.,

ExgJPPte 1

1 ,r3-r^Morpholinvl)propvl1^f4-fluoroph&nvlV5-f4-Pvridvl)imidazole

a) 4>fluoroph&nvl-tolvlthiomethvlfonnamide

15 A solution of p-fluorobenzaldehyde (13.1. milliliters (hereinaftermL), 122

milliraoles (hereinafter mraol) thiocresol (16.64 grams (hereinafter g), 122 mmol),

formamide (15.0 mL, 445 mmol), and toluene (300 mL) were combined and heated to

toluene reflux with azeotropic removal of H2O for 18 h. The cooled reaction was

diluted with EtOAc (500 mL) and washed with satd aq Na2C03(3 x 100 mL), satd aq

20 Nad (100 mL), dried (Na2S04), and concentrated. The residue was triturated with

petroleum ether, filtered and dried in vacuo to afford 2850 g of the title compound as a

white solid (85 %). melting point (hereinafter mp) =119- 120°.

b) 4-fluorophenvl-tolvlthiomethvHsocvanide

The compound of example 1(a) (25 g, 91 mmol) in CH2CI2 (300 mL) was

25 cooled to -30° and with mechanical stirring POCI3 (1 1 mL, 1 10 mraol) was added

dropwise followed by the dropwise addition ofR3N (45 mL, 320 mmol) with the

temperature maintained below -30°. Stirred at -30° for £0 min and 5° for 2 h, diluted

with CH2CI2 (300mL) and washed with 5% aq Na2C03 (3 x 100 mL), dried

(Na2S04) and concentrated to 500 mL. This solution was filtered through a 12 x 16 cm

30 cylinder of silica in a large sintered glass funnel with CH2CI2 to afford 12.5 g (53%) of

purified isonitrile as a light brown, waxy solid. IR (CH2P2) 2130 cm*1
.

c) Pvridine-4-carboxald&hvder4-Morpholinvlprop-3-vnimine

Pyridihe-4-carboxaldehyde (2.14 g, 20 raraoL), 4-(3-arainopropyl)raorpholine

(2.88 g, 20 mmol), toluene (50 mL) and MgS04 (2 g) were combined and stirred under

35 argon for 18 h. The MgS04 was filtered off and the filtrate was concentrated and the

residue was reconcentrated from CH2CI2 to afford 4.52 g (97%) of the title compound

as a yellow oil containing less than 5% of aldehyde based on *H NMR. *H NMR
(CD3CI): d 8.69 (d, J = 4.5 Hz, 2H), 8.28 (s, 1H), 7.58 (d, J « 4.5 Hz, 2H), 3.84 (m,

6H), 2.44 (ra, 6H), 1.91 (m, 2H).
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d) 1-r3-f4.Morphnlinv1YroDvl1^f4.fluorophenvn-S.r4-nvridvnimidazol6

The compound of example 1(b) (1.41 g, 5.5 mmol), and the compound of

example 1(c) (1.17 g, 5.0 mmol) and CH2CI2 (10 mL) were cooled to 5 °C. 1 .5.7-

triazabicyclo[4.4.0]dec-S-ene, henceforth referred to as TBD, (0.71 g 5.0 mmol) was

5 added and the reaction was kept at 5 °C for 16 b, diluted with EtOAc (80 mL) and

washed with satd aq Na2C03 (2 x 15 mL). The EtOAc was extracted with 1 NHQ (3

x 15 mL), and the acid phases were washed with EtOAc (2 x 25 mL), layered with

EtOAc (25 mL) and made basic by the addition of solid K2CO3 til pH 8.0 and then

10% NaOH til pH 10. The phases were separated and the aq was extracted with

10 additional EtOAc (3 x 25 mL). The extracts were dried (K2CO3) concentrated and the

residue was crystalized from acetone/hexane to afford 0.94 g (51%) of the title

compound, mp = 149 - 150 °.

Example 2

15 l-f3-Ch1oroprnpvlV4-f4-flnornphenvn.5-f4-nvridvnirnidazole-

a) Pvridin&-4-carhf>Ta]dehvdp.r3^h1nmprnpvnimme

To 3-chloropropylamineHQ (15.1 g, 0.120 moles,(hereinafter mol)) and H2O

(100 mL) was added pyridine-4-carboxaldebyde (9.55 mL, 0.100 mol), (hen K2CO3

. (8.28 g, 0.060 mol) then CH2CL2 (100 mL) and the mixture was stirred for40 min.

20 The phases were separated and the aq phase was extracted with additional CH2CI2 (2 x

50 mL), dried (Na2S04) and concentrated to afford 17.1 g (94%) *H NMR (CD3CI):

d 8.69 (d, J = 4.5 Hz, 2H, 832 (s, 1H), 8.28 (s, 1H). 7.58 (d, J = 4.5 Hz, 2H), 3.71 (m,

2H), 3.63 (t, J = 6Hz, 2H), 2.24 (t, J = 6Hz, 2H). The presence of9% of the aldehyde

was evident by *H NMR.

25 b) 1-f3-rhloropropv1V4.f4-fluomphftnvlVS.r4-pvridvnimidazole

The compound of example 1(b) (6.85 g, 26.6 mmol), the compound of example

2(a) (6.32g, 34.6 mmol), CH2CI2 (70 mL), andTBD (4.07 g, 28.4 mmol) were reacted

by the procedure of example 1(d) to afford 3.19 g (38%). mp = 139 - 140°.

30 Example 3

T.H.A7idnpropvn-4-f4.flMnmphenv]V'>.f4-pvridvlMmidazole

To a solution of the compound of example 2(b) (250 milligram (hereinafter

mg), 0.79 mmol) andDMF (5 mL) was added NaN3 (256 rag, 3.95 mmol) and Nal (12

mg, 0.08 mmol) and the mixture was heated to 90° till the reaction was completed

35 based on tic analysis (19: 1 CH2Cl2/Me0H). The cooled reaction was added to 5% aq

Na2CX>3 (20 mL) and extracted with EtOAc (3 x 25 mL). The combined extracts were

washed with H2O (3 x 25 mL) and flash chroraatographed (2.2 x 10 cm column) with 0

• 1% MeOH in CH2CI2 to afford 254 mg (100%) of the tide compound as a white

solid. mp = 64 - 65°.
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l>f3-AminoDropvlV4-f4-fluorophenvlV5-f4-pvridvnimidazQle

The compound of example 3, described above (254 mg, 0.79 mmol), was

5 dissolved inTHF (2 mL) an added dropwise to a 0° solution of 1 N UAIH4 in 1HF

(1.2 mL, 1.2 mmol), stirred at 0° for IS rain, EtOAc (4 mL) was carefully added and

the mixture was added to ice cold 10% NaOH (15 mL) and the product was extracted

with EtOAc (4 x 25 mL), dried (K2CO3) and concentrated to a waxy solid. (175 mg,

75%), rap = 81 -820.

10

Example 5

l-f3-MethvlsulfonamidopropvIM^

To the compound ofExample 4, described above (79 mg, 0.26 mmol) in

CH2CI2 (0.5 mL) was added Et3N (72 uL, 0.52 mmol), and then methanesulfonyl

15 chloride (25 uL, 0.31 mmol). The reaction exothermed to CH2CI2 reflux briefly. The

reaction was over within 1 rain based on tic (19 : 1 CH2CI2/MeOH) and was poured

into 10% NaOH (5 mL) and extracted with EtOAc (3 x 20 mL). The extracts were

washed with H2O (10 mL) and satd aq Nacl (10 mL), dried (Na2S04), concentrated

. and flash chromatographed (1 x 10 cm silica) with 0-8% MeOH in CH2CI2 to afford

20 63 mg (65%). mp = 186 - 187°.

Example 6

l-r3-fN-Phenv]methvnaminopro

Following the procedure of example 3 above, except using benzylamine as the

25 nucleophile and purification of the crude product by trituration with hot hexane, the

title compound was prepared as a white solid (32% yield), mp = 125 - 126°.

Example 7

M3-(N-Phenvlmethvl-N-meM

30 pvridyi)m»&ffote

Following the procedure of example 3 except using N-benzylraethylaraine as

the nucleophile and purification of the crude product by trituration with hot hexane, the

title compound was prepared as a white solid (42% yield), mp = 90 - 91°.

35 Example 8

l-r3-n-Pvrrolidinvnpropv^^

Following the procedure of example 3 except using pyrrolidine as the

nucleophile and purification of the crude product by trituration with hot hexane, the

title compound was prepared as a white solid (35% yield), mp = 105 - 107°.
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Example 9

1-n-niRtliv1^innpmpv1V4-r4-fluorophftnvn.S-(
,

4-pvridvnimidftzolft

Following the procedure of example 3 except using diethylaraine as the

5 nucleophile and isolation of the product by extraction with diethyl ether, the title

compound was prepared as a white solid (21% yield), mp = 94 - 95°.

Example 10

l-r3-fl-Piperidinvnprnpvn^r4-fluornnhenvlV5-f4-PvridvlMmidazole

10 Following the procedure of example 3 except using piperidine as the

nucleophile and purification of the crude product by trituration with hot hexane, the

title compound was prepared as a white solid (63% yield), mp = 105 - 108°.

Example 11

15 1-r3-fMgthvlthio^prnpvl1-4-r4-flnorQPhenvn-S-f4-pvridvlMmidaTOle

Following the procedure of example 3 except using sodium thiomethane as the

nucleophile and omitting the sodium iodide followed by purification of the crude

product by trituration with hot hexane, the title compound was prepared as a white

solid (50% yield), mp» 85 - 86°

20

Example 12

l.r2-f4-MoTpholinvlWhvn^r^flnomphenvlV5^4-pyridvnimidazole

a) Pvridine-4-cart>oxaldehvde-r2-f4-Morpholinvl'>ftthvnimine

Following the procedure of example 1(c) except using 4-(2-

25 aminoethyl)morpholine as the amine, the title compound was prepared as a light yellow

oil (100%) containing less than 10% of aldehyde based on *H NMR. *HNMR
(CD3CI): d 8.68 (dVJ = 6 Hz,2H), 8.28 (s, 1H), 7.58 (d, J = 6 Hz. 2H), 3.82 (ra, 2H),

3.72 (ra, 4H), 2.72 (m. 2H), 2.55 (m, 4H).

b) 1-r2.f4.MnTphntinvltemvn^f4.fluomphenvlV5-f4-pvridvlMmidazole

30 Following the procedure of example 1(d) except using the compound of

example 20(a) as the inline, afforded the title compound as a white solid (21%). mp =

114-115°.

Example 13

35 l-r3-f4-Morphnlinvl'>Rronvl1-4-G-methvlthiophenvlV5-f4-pvridvmmidazole

a) N.r3.methvlthiophenvl-ftolvlthio^methvnfonnamide
•

Following the procedure of example 1(a) except using ra-

methylthiobenzaldehyde as the aldehyde, the title compound was prepared as a white

solid (73%). mp « 103 - 104°.
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b) ^-mRthvlthinphenvl-rtolvltfii^mRthvlisncvanide

Following the procedure of example 1(b) except using the compound of the

previous step as the formamide, the title compound was prepared as a light brown oil

(77%). IR (CH2CI2) 2120 cm -1
.

5 c) 1.r^r4-Mnrphn1invl^ropvn^.('3.methvlthiophenvn-5-f4-pvridvniiTiidazole

Following the procedure of example 1(d) except using the compound of the

previous step as the isonitrile, afforded the title compound as a white solid (31%). mp

= 105-106°.

10 Examnle 14

l-r3.f4-Morohn1tnvftpropvn.4-f3.methvh^

The compound of example 13(c) (200 mg, 0.49 mmol) was dissolved inHOAc

(4 mL). K2S2O8 (151 mg, 0.56 mmol) dissolved in H2O was added and the solution

was stirred for 16 h, poured into 10 % aq NaOH (50 mL) (the resulting solution was >

15 pH 10) and extracted with EtOAc (3 x 25 mL). The extracts were dried (K2CO3),

concentrated and the residual oil crystalized from acetone/hexane to afford 87 mg

(42%) of a white solid, mp = 1 17 - 1 18°.

Example 15

20 l-rS-fN-methyl-N-benzvl'taniinopropvIl^fS-methylthiophenvlVS^-

pvridvnimidazole

a) . Pvridine^(^hoxaldehvde3-fN-memvl-N^enzvlaminopropvnimine

Following the procedure of example 1(c) except using 3(-N-Methyl-N-

benzylamino)propyIamine as the amine (Ueda,T.; IshizakiJC; Chem. Pharm. Bull.

25 1967, 15, 228 • 237.), the title compound was obtained as a light yellow oil (100%)

containing less than 10% of aldehyde based on JH NMR. lH NMR (CD3CI): d 8.65

(d, J = 7 Hz, 2H), 8.21 (s, 1H), 7.54 (d, J= 4.5 Hz; 2H), 7.52 (m, 5H), 3.69 (t, J = 1

1

Hz, 2H), 3.48(s, 2H), 2.44 (t, J « 1 1 Hz, 2H), 2.18 (s, 3H), 1 .91 (ra, 2H).

b) 143-fN-memvl-N.benzvnaniinopropvl1-4-f3.methvlthiophenvlV5-f4-

30 pvridvltimtdazole

Following the procedure of example 1(d) except using the compound of

example 13(b) as the isonitrile, and the compound prepared in the previous step as the

imine afforded the title compound as a white solid (36%). rap = 87 - 88°.

35 Example 16

1-r3-fN-mftthvl-N-benzvnaminopropvn-4.f3-methvlsalfinvlphenvlVS-f4-

pyridvlMmidazole

Following the procedure of example 14 except using the compound ofexample

15(b) as the sulfide afforded the title compound as a white solid (97%). mp = 84 - 85°.
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Example 17

1J4-rMethv1thin^phftnv11^r4-flnnmphenv1V5-f4-pvridvnimidazole

a) Pvridin&4-carhnTaMftlidve f4-mewvlth1onhenvl'Hmtne

5 . Following the procedure of example 1(c) except using 4-(methylthio)aniline as

the amine afforded (100%) of a light yellow oil with no detectable amount of aldehyde

based on JH NMR. *HNMR (CD3CI): d 8.75 (d, J = 6 Hz, 2H), 8.47 (s, 1H), 7.74 (d,

J = 6 Hz, 2H), 130 (d, J= 8 Hz, 2H), 7.22 (d, J = 8 Hz, 2H), 2.52(s, 3H).

b) l-r4-fMethvlthin'tphenvn^-f4-flaorophenvn-5-f4-pvridvnimida»)le

10 Following the procedure of example 1(d) except using the compound of the .pre-

vious step as the imine afforded the title compound as a white solid (27%). mp - 172-

173°.
, ;

Example 18

15 l-r4-fMemvlsulfinvnphenvn^f4-fluorophenvl>-5-f4-PvridvlMmidazole

Following the procedure of example 14 except using the compound ofexample

17(b) as the sulfide afforded the title compound as a white solid (67%). mp = 202 -

203°.

20 Example 19

1.f3.rMemvlthio'>phenvl1-4.f4-flaorophenvn.5>f4-nvridvlMmidazole

a) . Pvridine.4-carhoxaidehdvef3-methvlthioiihenvlMmme

Following the procedure of example 1 (c) except using 3-(methylthio)aniline as

the amine afforded (98%) of a light yellow oil with ca 2.5% of aldehyde based on *H

25 NMR. *H NMR (CD3CS): d 8.76 (d, J = 6 Hz, 2H), 8.44 (s, 1H), 7.74 (d, J = 6 Hz,

2H), 7.30 (d, J = 8 Hz, 2H), 734 - 6.98 (m, 4H), 2.52(s, 3H).

b) l-r3-fmethvlthin^phenvn-4-f4-fluorophenvn.5.f4.pvridvnimidazole

Following the procedure of example 1(d) except using the compound of the pre-

vious step as the imine afforded the title compound as a white solid (42%). mp = 155-

30 156°.

Example 20

^-r^-^pJhyl5!iilfinvnphenvn-4-f4-f1immphenvlV5-r4-pvridvniiTiidazple

Following the procedure of example 14 except using the compound of example

35 19(b) as the sulfide afforded the title compound as a white solid (67%). rap = 233 -

2340.

l-r2-^ethvlthin
,

lphp.nv11-4-r4-fliinrnp>iRnvlV5-(4^pvridvl
,

>irnida2ole
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a) Pvridin&^carbox^dehdvef2-methvltMQphenvniminft

Following the procedure of example 1(c) except using 2-(methylthio)aniline as

the amine afforded (98%) of a light yellow oil with ca 8% of aldehyde based on *H

NMR. *HNMR (CD3CI): d 8.75 (d, J = 6 Hz, 2H), 8.41 (s, 1H), 7.79 (d, J = 6 Hz,

5 2H), 736- 7.00 (m,4H),2.47(s,3H).

b) l-r2-(methvltMotehenvn-^

Following the procedure of example 1(d) except using the compound of the

previous step as the inline and purification by flash chromatography with 0-1%
MeOH in CH2CI2 afforded the title compound as a non-crystalline white foam (53%).

10 mp = 59 - 60°.

Example 22

l-r2^ethvlsulfinvnDhen^

15 Following the procedure of example 14 except using the compound of example

21(b) as the sulfide, and purification by flash chromatography with 0-4% MeOH in

CH2CI2 afforded the title compound as a non-crystalline white foam (52%). rap = 60 -

165°. (The ill defined mp is probably the result of a mixture of conformational isomers

which is clearly indicated in the *H and 13C NMR spectra of this compound.)

20

Example 23

!-(3<:Moropropviy4-f4-fluorophe

(See also Example 2 above for alternative method of preparation)

a) 4 -Fluorophenvl-tosvlmethvlformamide

25 To a solution of toluene sulphinic acid sodium salt hydrate (120g) in water (750

ml) was added concentrated sulphuric acid (16ml). Dichloromethane (500ml) was

added and the organic and aqueous layers were separated; the aqueous layers being

extracted with dichloromethane (2x200ml). The combined organic extracts were dried

(Na2S04) and evaporated to dryness to yield the solid sulphinic acid (71.79g, 0.46

30 mole). This was added to p-fluorobenzaldehyde (57.04g, 0.46 mole) and formaraide

(62.1gt 1.38 mole) and the resulting mixture was stirred with caraphor-10-suIphonic

acid (213g, 0.092 mole) at 60-65°, under nitrogen for 22 hours. A solution ofsodium

bicarbonate (33.6g, 0.40 mole) in water (400ml) was added to the ice-cooled solid

product which was broken up and stirred for 30 minutes. The crude product was

35 collected and washed with acetone (220ml) and then ether (3x220ml) and dried to yield

the desired product, 91.5g, 64.8%.

b) 4-Fluorophenvl-tosvlm&thvlisocvanide

To a suspension of the compound of the previous step (3.22g, 10.5 mraole) in

dimethoxyethane (21ml) stirring at -10° was added phosphorus oxychloride (2.36ml,
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25.3 mmole) dropwise over 5 minutes, Triethylaraine (7.35ml, 52.5 mmole) was then

added dropwise over 10 minutes and the reaction mixture was poured into saturated

sodium bicarbonate solution (100ml) and the oily product was extracted into

dichloromethane (2x30ml). The organic extracts were evaporated to yield a black oil

5 (3.5Jg) which was eluted from Gradem basic alumina (60g) using dichloromethane.

The combined product fractions were evaporated and ether added to crystallize the

desired product, L735g, 57%.

c) l-f3-Ch]oropropvlV4-f4-fluorophenvlV5-(4-pvridvn-imidazole

10 1 To a solution of the compound of the previous step (1. 183g, 4.09mmol) and the

compound ofexample 2(a) (1.122g, 6.15mraole) in dimethoxyethane (15ml) at ambient

temperature was added dropwise over 10 minutes a solution ofDBU (0.67ml,

4.51mmole) in dimethoxyethane (10ml). The reaction mixture was stirred at ambient

temperature for l-l/2hours and then evaporated to leave an oil which was eluted from

15 Grade III basic alumina (lOOg) to yield the desired product, 1.096g, 85%.

Prempfc 24

^f^Morphpli^
a) 4*f4>Mprp^piinc>)t>p?YH-pftMiTnitfg

20 4~Bromobutyl-l-pthalimide (5.0 g, 17.7 mmol) and morpholine (20 mL) were

combined and stirred for 3 h, diluted with EtzO (200 mL), and filtered. The solid was

washed with more Et20 and the combined filtrates were extracted with 3 NHQ (3 x

25 mL). The combined arid phases were washed with Et20 (3 x 50 mL), layered with

EtOAc and made basic by the addition of solid K2CO3 til the foaming stopped and then

25 10% aq NaOH was added til the pH was > 10. Extraction with EtOAc (3 x 100 mL),

drying, (K2CO3), concentration and flash filtration 1 L silica wash first with 0-4%

MeOH in CH2CI2 and then elute product with 4% MeOH and 1% Et3N in CH2CI2 to

afford 5.52 g (54%) of the title compound as a white solid.

b) 4-(4-MoTpholino^butvlamine

30 The compound of example 24 (a) (1 .0 g, 3.47 mmol), hydrazine raonohydrate

(190 til, 3.82 mmol) and GH3OH (20 mL) were combined and stirred at 23° overnight

The CH3OH was removed in vacuo and the resudue was concentrated to dryness from

EtOH. The residue was combined with 2N HQ (20 mL) and stirred for 2h, filtered and

the solid was washed with H2O. The combined filtrates were concentrated in vacuo

35 and reconcentrated from EtOH twice to give a white foam which was dissolved in 3:

1

CH2CI2/CH3OH, and stirred with solid K2CO3 for 5 min and filtered. The filtrate was

concentrated to afford 0.535 g (80%) of a brown oil. !H NMR (CD3CI): 3.7 - 3.2 (m,

6H), 2.7 - 2.2 (m, 6), L6 - 1.3 (m, 6H).

C) Pvridine-4-carbnxald&hvder4-f4-morpholinvnbutvnimine
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Following the procedure of example 1(c) except using the compound of example

24(b) as the amine the title compound was prepared as a light yellow oil (100%) con-

taining 30% of aldehyde based on *H NMR. *H NMR.(CD3C1): 8.60 (d, J = 6 Hz, 2H),

8.19 (s, 1H). 7.51 (d, J = 6 Hz. 2H), 3.7 - 3.2 (m, 6H), 2.5 - 22 (m, 6), 1.7 - 1.4 (m, 4H).

5 d) l.r4^4-Morphn1invnhutvl1-4-r4-fluorophenvn-5-(4-|iVTidvniniidazol&

Following the procedure of example 1(d) except using the compound of

example 24(c) as the imine afforded the title compound (38%). mp = 103 - 104°.

Example 25

1-rvclnpmpvl-4-f4-flunrophenvn-S-f4-pvridvnimidazoIe

a) Pvridine^.earhnxaldshvdecvcloproDvlimine

Following the procedure of example 1(c) except using a 100% excess of the

volatile cyclopropylamine the title compound was prepared as a light yellow oil

(100%). *HNMR (CD3CI): 8.65 (d, J = 6 Hz, 2H), 8.40 (s, 1H), 7.51 (d, J = 6 Hz,

2H), 3.07 (m, 1H), 1.01 (m, 4H)

b) 1-Cvclnpropvl-4-f4-fluorophenvlV5-f4-pvridv1Mmidazole

The compound of the previous step (20 mmol), the compound of example 1(b)

(5.65g, 22 mmol), and CH2Q2 (20 mL) were cooled to 0° and TBD (2.84g, 20 mmol) •

was added Stirred at 5° for 2h, 23° for 48h and refluxed for 4 h. The crude reaction

was flash filtered through a sintered glass funnel filled with silica (1 L of silica) elating

with 0-4% CH3OH in CH2CI2. Crystals from hexane/acetone to afford 839 mg (15%)

rap = 129.0 - 129.50.

'

Example 26

25 l-Isopropvl-4-f4-nuorophenvlV5-f4-pvridvlMmidazote

a) Pvridine.4-carhoxa1dehvde isopropvlimine

Following the procedure of example 1(c) except using isopropylamine as the

amine the title compound was prepared as a light yellow oil (100%). *H NMR
(CD3CI): 8.67 (d. J 4.4 Hz, 2H), 8.27 (s, 1H), 7.59 (d, J = 4.43 Hz, 2H), 3.59 (m,

' 30 lH),1.27(d,J = 6.3Hz,6H).

b) l-Isopropvl-4-f4-fluorophenvlV5-f4-pvridvlMniirf^T^

Following me procedure of example 1 (d) and substituting the imine of the

previous step the compound was prepared using a modified work up of flash filtration

of the crude reaction through silica (0 -4% CH3OH in CH2C12)- Two crystallizations

35 from hexane /acetone afforded the title compound as tan needles (30 %). mp = 179.0 -

179.5.

10

15

Example 27

l-Cvclopropvlmp.thvl-4-f4-flunrnphenvlV5-f4-pvridvnimidazole
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a) Pvridine^-carhnYfllrifthvde Cvclopronvlmethvlimine

Following the procedure of example 1(c) except using cyclopropylmethylamine

as the amine the title compound was prepared as a light yellow oil (100%). *HNMR
(CD3CI): 8.69 (d, J= 4.5 Hz, 2H), 8.27 (s, 1H), 7.61 (d, J = 4.5 Hz, 2H), 3.55 (d, J =

5 6.7 Hz, 2H), 1.15 (m,lH), 0.57 (m, 2H), 0.27 (m, 2H).

b) l-^clopropvlniftthv1^.f4.fluorophenvlV5-f4.pvridvl
,

>imidamle

Following the procedure of example 1(d) substituting the inline of the previous

step the compound was prepared using a modified work up of flash filtration of the

crude reaction through silica (0 - 4% CH3OH in CH2CI2X Crystallization from hexane

10 /acetone afforded the title compound as white flakes (62 %). mp = 162.0 - 162.5. .

Example 28

l.tert.Butvl^.r4.flBnrophenvn-5^4-pvridvlMmidazole

a) Pvridine-4-carhnxaldehvde twt-htitvlinrine

15 Following the procedure of example 1 (c) except using tert-butylamine as the

amine the title compound was prepared as a light yellow oil (100%). *HNMR
(CD3CI): 8.67 (d, J= 4.4 Hz, 2H), 8.22 (s, 1H), 7.61 (d, J = 4.4 Hz, 2H), 1.30 (s, 9H).

b) 1.tert.Biitvl^r4-fluorophenvlV5-f4-pvridvlMmidazole

Following the procedure of example 1(d) substituting the imine of the previous

20 step the compound was prepared using a modified work up of flash filtration of the

crude reaction through silica (0 • 4% CH3OH in CH2CI2) to afford the title compound

as tan powder (16 %). mp = 199.0 - 200.0.

Example 29

25 1.f2.2-Diethnxvethv1M-r4-flUorophenvn-5-f4-pvridvn)midazole

a) Pvridine-4-carhnxaldehvde 2.2.diethoxvethvlimine

Following the procedure of example 1 (c) except using 2,2-dieraoxyemylaraine

as the amine the title compound was prepared as a light yellow oil (100%). *H NMR
(CD3CI): 8.69 (d, J = 4.4 Hz, 2H), 8.28 (s, 1H), 7.60 (d, J = 4.4 Hz, 2H), 4.82 (t, J

30 5.1 Hz, 1H0, 3.82 (d, J = 5.1 Hz, 1H), 3.72 (m, 2H), 3.57 (m, 2H), 121 (t, J = 73 Hz,

6H).

b) 1.r22-Diethoxvethvn-4.f4.tlunmphenvn.S-f4.pvridvnimidazoIe

Following the procedure of example 1 (d) substituting the imine of the previous

step, the compound was prepared using a modified work up of flash filtration of the

35 erode reaction through silica (0 - 4% CH3OH in CH2CI2), followed by a flash

chromatography through silica with 25 - 100% EtOAc in hexane) and trituration of the

resulting gum with hexane afforded the title compound as a white powder (47 %). rap

= 69.5 - 70.0.
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Exmpte3Q

The product of example 29(b) (400 mg, 1.13 mmol)9 H2O (10 mL) v acetone (10

mL) and coned H2SO4 (1 mL) were combined and refluxed for 24 h. Most of the

5 acetone was removed in vacuo and the residue was combined with 5% aq Na2C(>3 and

extracted with EtOAc, dried (Na2S04), concentrated and crystallyzed from acetone to

afford the title compound as a white powder (47 %). mp = 118.5 - 119.0.

Example 31

10 l-HyflroOTinylmrtW

The product of example 30 (317 mg, 1.13 mmol), hydroxylamine hydrochloride

(317 mg), pyridine (317 ]iL)9 and ElOH (3.8 mL) were combined and refluxed for 3h,

poured into 5% aq Na2C03, and extracted with EtOAc, dried (Na2S04) and flash

filtered in 0 - 4% MeOH in CH2CI2 to afford 261 mg (78%) of the tide compound as a

15 white powder. mp = 184.0- 185.0.

Example 32

l-Cvanomethvl-4-f4-fluoTophenvlV544>pvridvnimidazol&

The product of example 31 (250 mg, 0.84 mraol), and CUSO4 were combined

20 and refluxed for 2h. The cooled reaction was flash filtered in 0-4% MeOH in CH2CI2

to afford 129 mg (55%) of die title compound as a white powder, mp = 1310 * 133.0.

Example 33

l-r3-f4-Moroholmvnnropviy4-f^^

25 a) 4-Fomiyl-2"mgttiylpyridine

4-Cyano-2-methylpyridine was prepared from 2,6-lutidine asccording to the

literature procedure (YamanakajL; Abe,H.; Sakaraoto,T.; Hidetoshi, Hiranuma,H.;

KamataA Chem. Pharm. Bull. 25(7), 1821 - 1826.). A solution of 4-Cyano-2-

methylpyridine (0.367 gf 3. 1 1 mmoL) and toluene (3.5 mL) was cooled to -78° and 1

30 M DIBAL in hexanes (3.6 mL, 3.6 mmoL) was added dropwise via syringe pump (T <

-65°). The reaction was warmed to 5° and stirred for 5 rain, recooled to -78° and

CH3OH (3.5 mL) was added (T < -40°), warmed to 5° and stirred for 5 rain and then

25% aq Rochelle's salt was added, stirred for 3 min and then acidified to < pH 1.0 with

10% aq H2SO4. The aqueous was made basic by the addition of solid K2CO3 and

35 extracted with EtOAc. The extracts were dried (Na2S04) concentrated and filtered

through silica (2% MeOH in CH2CI2) to afford 253 mg (84%) of aldehyde. H 1 NMR
(CD3CI): d 10.05 (s, 1H), 8.74 (d, J = 7Hz, 1 H), 7.51 (s, 1H), 7.30 (d, J = 7Hz, 1H),

2.68 (s,3H).

b) PvTidtne^carboxaldehvder3-f4>morphoUnvnpropvllimine



WO 95/02591 35 PCT/DS94/07969

Hie product of the previous step and 4^(3-aminopropyl)morpholine were

reacted by the procedure of example 1(c) to afford the title compound as a yellow oil

containing no aldehyde based on lH NMR. !H NMR (CD3CI): d 8.57 (d, J = 5.0 Hz,

1H), 8.25 (s, 1H), 7.46 (s, 1H); 7.36 (d. J = 5.0 Hz, 1H), 3.71 (m, 6H), 2.60 (s, 1H);

5 2.35 (m,6H), 150 (m,2H).

C) l-r3-r4-MorphQlinvnpronvn^f4-flnorophenv1V5-r2-methvlpvrid-4-

vnimidazole

The compound of the previous step, and the compound ofexample 1(b) were

reacted by the procedure of example 1(d) to afford the title compound as a white solid

10 [51% from 33 (a)], mp - 116 - 117°

Example 34

4-f4-FlnorophenvlVl.r3.f4-morphoHnvnpropvn-5-f2-chloropvridin^v1Hmida7nTR

a) 2^oropvridine^arboxaldehvder3-f4-morphnlinvnproDvl1imine

15 2-Chloropyridine-4-carboxaldehyde was prepared as described in the patent

literature (WPI Acc. No. 88-258820/37) whose disclosure is incorporated by reference

in its entirety herein. This aldehyde was reacted with 4-(3-aminopropyl)morpholine by

the procedure ofexample 1(c) to afford the title compound as a yellow 01L*HNMR
. (CD3CI): S 8.45 (d, J = 5.1 Hz, 1H), 8.24 (s, 1H), 7.63 (s, 1H); 7.51 (d, J = 5.1 Hz, 1H).

20 3.72 (m,6H), 2.44 (m, 6H), 1.91 (m,2H).

b) 4-f4-FlunmnhenvIV1-r3-f4-morahol^^

imidazole

Following the procedure of example I (d) except using the compound of the pre-

vious step as the imine afforded the title compound as a white solid (93%). mp = 97.0-

25 97.50.

Example 35'

4-f4-FluorophenvlV1-r3.r4-moTpholinvnpropvn-5-Q-aminn-^pvridinvl^ imiday/rift

a) 4-f4.FlanrepheiivIV143-f4-moreholinvnDropvl1-S-f2-hvdrazinvl^Tivridinvn

30 imidazole

The compound of example 34(b) (872 mg, 2.18 mmoL) and 98% hydrazine

hydrate (9 raL) was heated to 1 15° (bam temp) for 20 h, cooled to 23° combined with

H2O (20 mL) and extracted with EtOAc (3 x 25 mL). The combined extracts were

washed with H2O (2x20 mL) and dried (Na2S04). Flash chromatography with 0 - 8%

35 CH3OH in CH2P2 afforded 547 mg (63%) the title compound as a white solid.

b) 4-f4-FlunrophenvlV1-r3-r4-morphoHnvl)propvn-5-r2-amino-4-nvridinvn

The compound of the previous step (100 mg, 0.25 mmoL), absolute EtOH (15

mL) and Raney Ni (0.4 mL) were shaken under Hi (45 psd) for 4 h. Flash
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chromatography with 0-8% CH3OH in CH2Q2 afforded 34 mg (37%) the title

compound as a white solid, mp = 186 - 187°.

Example 36

S l-(4^arhoxvmp.thvttpmpvlJU4-fluoro

a) Pvridinft^^bnxiiWfthvdef^arhnTvmftthvlbgrvmmine

Pyridine-4-carboxaldehyde was reacted with methyl-4-aminobutyrate by the

procedure ofexample 1(c) to afford the title compound as a yellow oil. *H NMR
(CD3CI): 8 8.69 (d, J = 5.8 Hz, 2H), 8.27 (s, 1H); 7.56 (d, J = 5.8 Hz, 2H), 3.70.(m,

10 2H);2.31(U = 8.0Hz.2H),2.08.(ra,2H).

b) l-^CarboxyiPftthynprnpyl^f^flnorophenvlVS-f^pyridynimidazole

Following the procedure of example 1(d) except using the compound of the

previous step as the imine afforded the title compound as a white solid (35%). mp =

69.0-70.0°.

15

Example 37

1-r4^^0TVProDv1V4-r4-fluornphenv1V5-f4-pyridvnimidazole

The compound ofexample36 (100 mg, 0.29 mmol), CH3OH (3 inL), andTHF

(1.5 mL) were combined and the resulting soln was treated with a soln ofLiOH (62

20 mg, 1.5 mmol) in H2O (1.5 mL) and the resulting soln was stirred for 4 h. Removal of

the volatile compounents in vacuo, redisolving in H2O and chromatography through

HP-20 with H2O til the eluates were neutral and men with 25% aqMeOH afforded the

title compound as the lithium salt; 65mg (68%). ES (4-)MS m/e = 326 (MH+).

25 Example 38

1-n-Carhnxvmethvltaliv1-4-f4-flpo^

a) Pyridtna-4-carhnTaldRhvde f3-carhoxvmemvnethyl imine

Pyridine-4-carboxaldehyde was reacted with P-alanine methyl ester by the

procedure ofexample 1(c) to afford the title compound as a yellow oiL *H NMR
30 (CD3a):88.68(d,J=«Hz,2H),8.33(s, 1H);7.57 (d, J = 4.5 Hz, 2H), 3.93 (t, J =

6.7 Hz. 2H); 3.68 (s. 3H), 2.76 (t, J= 6.7 Hz, 2H),

b) 1.n^aAoxvrop-thvltethvl-4-r4-flunronhenvn.5.f4-pvridvlMmida2Qle SB-

Following the procedure of example 1(d) except using the compound of the

35 previous step as the imine afforded the title compound as a white solid (40% from the

amine), mp = 119.0 - 120.0°.

Example 39

i-f3-Carhoxv^ethvl-4-f4-fluomnhenvIV5-f4-Pvridvl>imidazole
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The compound ofexample 38(b) was nydrolysed by the procedure of example

37 to afford the title compound as the lithium salt; (71%). ES (+) MS m/e = 312

(MH+).

5 Example 40

l.n.Benzv1piperidin^-vn~4-f4-fluoroDhenvn-5-f4-pvridvn imidazole

a) Pvridinfe4-cariinxaldehvde (\ .henzvlnineridin-4-v1>imfaft

Pyiidine-4-carboxaldehyde was reacted with 4-amino-N-benzylpiperidine by

the procedure ofexample 1(c) to afford the title compound as a yellow oil.

10 b) l-n-Benzv1pip&ridin^vlV4-f4-fluoro^

Following the procedure of example 1(d) except using the compound of

example the previous step as the inline afforded the title compound as a white solid

(9% from the aroine). ES (+) MS m/e= 413 (MH+).

15 Example 41 .

5-(2-Aminopvrimidin^vll4-(4-fluorophen^

a) 2-Ajninopvrimidine-4-carboxaldehvd& dimethyl acetal

Dimethylformamide dimethyl acetal (55 mL, 0.41 mol)t and pyruvic

20 aldehyde dimethyl acetal (50 mL, 0.41 mol) were combined and heated to 100°

for 18 h. Methanol was removed in vacuo to afford an oil*

A solution ofNaOH (18 g, 0.45 mol) in H2O (50 mL) was added to

guanidineHQ (43 g, 0.45 mol) in H2O (100 mL), and the resulting solution was

added to the above described oil. The resulting mixture was stirred at 23° for 48

25 h. Filtration afforded 25g (50%) of the tide compound.

b) ^Aminopy^n^nM-cwtPx^c'ghYde

The cpmpund of the previous step (1.69 g, 10 mmol) and 3NHQ (7.3

mL, 22 mmol) were combined and heated to 48° for 14h, cooled, layered with

EtOAc (50 mL) and neutralized by the addition ofNaHC03 (2.1gv 25 mmol) in

30 small portions. The aq phase was extracted with EtOAc (5 x 50 mL) and the

extracts were dried (Na2S04)and concentrated to afford 0.793 g (64%) of the title

compound.

c) 2-Ajmhnpvrimtdine^carbox^

The compound of the previous step and 4-(3-aminopropyl)morpholine-

35 were reacted by the procedure of example 1 (c) to afford the title compound as a

yellow oil

d) 5-f2-AminoDvrimidin-4-vl)-4-f4-fluorophenv1Vl-f3-f4-

Morpholinvl>propvn imidazole SB 216385
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Following the procedure of example 1(d) except using the compound of

the previous step as the imine afforded the title compound as a white solid. *H

NMR (CD3CI) S 8.15(d, J = 5.4 Hz, 1H). 7.62(s,lH), 7.46 (dd, 2H), 7.00(t, J

=

8.6Hz, 2H), 6.50(d, J = 5.4 Hz, 1H), 5.09(bnLs, 2H), 4.34(t, J = 7.0 Hz, 2H),

5 3.69(m, 4H), 2.35(brd.s,4H),2.24(t, J = 4.6 Hz, 2H), 1.84(m, 2H).

Example 42

5-r2-Aminnpvrimidin^vlV4-f4-fluorop^

a) 2-AminbPvrimidme-4^arboxaldehvdefl-benzvlpiperidin^vnimine

10 2-Arabopyrimidine-4-carboxaldehyde and 4-aminobenzylpiperidine were
.

reacted by the procedure ofexample 1(c) to afford the title compound as a yellow oiL

b) 5-f2-Aminopvrimidin-4.vlV4-r4-fluorophenvlVl-fl-benzvlpiperidtn^.

vlMmidazole

Following the procedure of example 1(d) except using the compound of the

15 previous step as the imine afforded the title compound as a white solid (31% from the

amine), rap = 227 - 229° (dec).

Example 43

5-f2-Aminopvrimidin-4-vIV4-r4-fluoronhenvlVl-f2-propvnimida2Qle

a) 2-AminopvriiTiidine-4-carhoxaldehvdef2-propvl)imine

2-Aroinopyrimidine-4-carboxaldehyde and 2-propyl amine were reacted by the

procedure of example 1(c) to afford the title compound as a yellow oiL

b) 5-f2-Aminopvrimtdin^vlV4-f4-fluorophenvn-l-f2-propvlMmida2ole

Following the procedure of example 1(d) except using the compound of the

previous step as the imine afforded the title compound as a white solid (32% from the

2-arainopyrimidine aldehyde), mp = 201 - 202°.

Example 44

_W2.Aminnpvrimidm^vll4-f4-fluorophenvlVM

a) 2-Aminopwimidine-4-carboxaldfchvdefcvclopropvlmethvniminR
.

2-Ammopyrimidine-4-carboxaldehyde and 2-cyclopropylmethyl amine were

reacted by the procedure of example 1(c) to afford the title compound as a yellow oil.

b) 5-f2-Aminopvrimidin-4.vlV4-f4-fluorophenvn-l-fcvclopropvl.

methvlMmidazble

Following the procedure of example 1(d) except using the compound of the

previous step as the imine afforded the title compound as a white solid (38% from the

2-ammopyrimidine aldehyde), mp = 1 87 - 188°.

20

25
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Example 45

S.f2.Aminnpvrimidin-4-v1V4-f4-flanmphenvlVl-fl-cart)0XV6thv1-4-

pipftridinvlMmidaznle

a) 2.Aminnpvrimidine-4-carhoxa1dehvde ri-carboxvethvl-4-niperidinyniniinft

5 2-Aminopyrimidine-4-carboxaldehyde and l-carboxyethyl-4-aminopiperidine

were reacted by the procedure of example 1(c) to afford the tide compound as a yellow

oiL

b) ^.^.Aminnpvrimidin^vlV^fdlfliinmphenvlVI-riTcarboTvethvl^.

piperidinvlMmidazole

10 Following the procedure of example 1(d) except using the compound of the.

previous step as the inline afforded the title compound as a white solid (26% from the

2-aromopyrimidine aldehyde). mp = 216 -218° (dec).

Example 46

IS S-f2.Amhiopvrimidin-4-vn^f4.flnorophenv1V1-f4-niperidinvn imidazole

a) 2-Aminnpvrimidme-4-carhoxaldetivdefl-t.butoxvcarbonvl^-

aminnpiperidinvlMmine

2-Anunopyimudine-4-carboxaldehyde prepared in Example 41 and 1-t-

butoxycarbonyl-4-aminopiperidine (Mach R. H., etal, J. Med. Chem. 36, p3707-

20 3719, 1993) were reacted by the procedure of example 1 (c) to afford the title

compound as a yellow oiL

b) . S.r4-f2-Amino
,

>pvrimidinvn.4-r4.flnoronhenvlVl-fl.t-

butoxvcarbonvlpiperidin-4-vn imidazole

Following the procedure of example 1(d) except using the compound of

25 the previous step as the inline afforded the title compound as a white solid (27%

from the 2-aminopyrimidine aldehyde).

C) S.r4.f2-Ammo^vrimidinvn^-f4.fliinmnhenvlVl-f4.piperidinvtt

imidazole SB-220O2S

The compound of the previous step was combined with 4NHQ in

30 dioxane (S mL), stirred 10 min, diluted wilth EtOAc and the liquid phase was

decanted. The solid was twice washed with Et20 (25 mL) and the liquid phase

was decanted. Further trituration with EtOH (abs) and then Et20 and drying in

vacuo at 50° for 16 h afforded the title compound as the trihydrochloride (41%).

rap = 265 -275 (dec)

• 35

Example 47

l-Methvl-4-phenv1.5.f4-pvridvnimidazole

Following the procedure of example 48(b) except using benzonitrile the title

compound as a white solid, mp = 161-162°.
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Example 48

l-Methvl-4lr^feh1omphenvm-^r4.nvridinvnimida2nle

a) N-r4-Pvridinv1fnftf>ivn-N
,.methvlfonnamide

To a stirring, argon-purged solution of 4-picolyl chloride-HCl ( 15g, 91.4

5 mmol) and N-methylformamide (53.4 ml, 914 mmol) in 300 ml ofTHF at room

temperature was added portionwise over a 20 minute period a suspension of 80% NaH

(5.48g, 183mmol). The reaction was quenched 18h later by the addition of ice,

/ partitioned between methylene chloride and water, washed with water and brine, dried

over MgS04, and evaporated to dryness to afford a dark oil. Hash chromatography on

10 silica gel provided 10.5g (76%) of the titled compounds a pale yellow oil. TLC; silica

gel (9:1 CHC1/MeOH)Rf=034.

b) 1.Methv1^-ra.fcMnmnhenvm.S.r4-pvridinvnimidazole

To a stirred, argon-covered, -78° solution of lithium diisopropylamide

15 (hereinafter LDA), (prepared from 11.2 ml of diisopropylaminfe in ISO ml of

tetrahydrofaran (hereinafter THF) by the addition of 31.9 ml of 2.5M n-BuLi in

hexanes) was added dropwise the product of the previous reaction (lOg, 663 mmol) in

100 mL ofTHF. Stirring of the resultant reddish-brown solution was continued at -78°

for 40 min at which point 3-chlorobenzonitrile (183g, 133 mmol) in 100 mLTHF was

20 added dropwise over 20 min.' The reaction was allowed to warm to room temperature,

stirred for lh and heated to reflux for 12 h. The reaction was cooled and worked up in

a manner similar to the previous reaction. Flash chromatography on silica gel provided

2.15g of an oil which was crystallized by dissolution with heating in 10 mL of ethyl

acetate. Following crystallization, the solid was collected, washed, and dried (0.4 mm
25 Hg) to afford 1.43g (8%) of the titled compound as a light tan solid, mp = 1 19-121°.

Example 49'

l-Methvl^f3-methvlthiophenvlV5-r4>pvridvl>imidazole

Following the procedure of example 48(b) except using the compound of

30 example 13(b) as the aryl nitrite the title compound was obtained as a white solid. ES

(+)MSm/e = 281 (MH+)

Example gp

l-M&thvl^f3>methvlsulfinvlphenvIV5-f4-pvridvnimidazole

Following the procedure of example 14 except using the compound of example

35 49 as the sulfide the title compound was obtained as a white solid. ES (+) MS m/e =

297 (MH+)

Example $}

f.hiy4-r4.Huorophenviyi-r3^^
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Following the procedure of example 14 except using the compound irom

example 1 1 as the sulfide and quenching with saturated aq NH4OH afforded the title

compound as a white solid (0.87 g, 80%). mp = 122 - 123°.

5 Example 52

4-(4-Fluoroph&nvlM-rf3-^

The compound ofExample 51 (0.5087 g, 1.48 mraol) was dissolved in

methanol (8 ml) and cooled to 0°C The addition of trifluqroacetic acid (0.12 ml) was

followed by the dropwise addition of meta-chloroperoxybenzoic add (0.23 g 9 222

10 mmol) dissolved in GH2CI2 (10 ml). After stirring for 1 h the solvents were

evaporated. The residue was partitioned between H2O and EtOAc and the aqueous

phase was made basic by the addition of2N NaOH. The organic phase was separated,

dried (MgS04) and concentrated and the residue was pruified by flash chromatography

(silica gelt 5% MeOHOfeCfc) to afford the tide compound (0.37 g, 69%). mp = 146 -

15 1470

Example 53

l-f3-PhenoxvpropvlV4-r4>fluorophenylV5^4>pvridinvnimidazole

To a solution of the compound from example 2(b) (0.22 g, .70 mmol) in

20 acetonitrile (10 ml) was added K2CO3 (0.19 g, 1.40 mmol) and phenol (0. 10 g, 1.05

mmol). After stirring at 70°C for 24 h the reaction was diluted with H2O. The organic

phase was separated and concentrated and the residue was purified by flash

chromatography (silica gel, 5% MeOH/CH2Cl2) followed by recrystalization in hexane

to afford the title compound (0.02 g, 8%) as a white solid, mp = 95 - 96°.

25

Example 54

H3-lThenvIthtnWopvIl^f4-fluoro

Following the procedure for example 3 except using thiophenol as the

nucleophile, adding 2.2 eq K2CO3 and omitting the Nal. The cooled reaction was

30 diluted with 10% NaOH and the product was extracted with ether. Flash

chromatography was followed by recrystalization from hexane to afford the title

compound (0.13 g, 53%) as white needles, mp = 98 - 99°.

Example 55

35 U3-f4-MnTpholfavnpropvlW

a) Ouinovl-4-carhoxftldehvde r3-f4-Moroholinvltoropvnimine

Qtrinoyl-4-carboxaldehyde and 4-(3-aminopropyl)morphoIine were reacted by

the procedure of example 1(c) to afford the title compound as a yellow oil.

b) HH4-MonMfflYPprppYlW
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10

Following the procedure of example 1(d) except using the compound of the

previous step as the imine afforded the title compound as a white solid (48% from the

amine), mp = 139.5 - 140.0.

Example 56

(+/-V 1 -f3-PhenvlsulfmvlpropvIV4-r4-f1onrophenvlV5.f4-Dvridinvnimidazn1e

Following the procedure of example 14 except using the compound from

example 54 as the sulfide and quenching with saturated aq NH4OH afforded the tide

compound as a white solid, rap = 146.5 - 148°.

Example 57

l-f3-EthoxvpropvlW4-fluoro^

To a solution of the compound ofexample 2(b) (0.40 g, 126 mmol) in ethanol

25 mi) was added sodium ethoxide (0.8 ml, 21 wt% in ethanol). After iefluxing 16 h

15 the mixture was cooled, diluted with H2O and extracted with EtOAc. Concentration of

the solvent and purification by flash chromatography (silica gel, 5% MeOH/ CH2CI2)

afforded the tide compound (0.05 g, 12 %). mp = 85 - 86°.

Example 58

20 l-f3-PhenvlsulfonvlDropvl^f4-fl^

Following the procedure for example 52 except using die compound from

example 56 as the sulfoxide and recrystalizing from hexane following die

chromatography afforded the title compound as white solid. mp = 109- 1 10°.

25 Example 39

HH4-Mprpholmvnprmfl^
a) 3-cMoronhenvl-tolvlthiomethvlisocvanide

Following the procedure of example l(a,b) except using 3-chlorobenzaldehyde

as the aldehyde component the tide compound was prepared.

30 b) M3^4-MoTpholinvftpropvll^

Following the procedure of example 1(d) substituting the isocyanide prepared

in the previous step the tide compound was prepared. MS-DCI NH3 = 383 [M+H],

Example 60

35 l-r3^4-Moipholmvl)propvl1-4-f3^

Following the procedure ofexample 1(d) substituting the isocyanide prepared

in Example 67(a) the tide compound was prepared, mp = 106°.
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444-(4-Huornphftnvn.l.ra^^

a) 2-MRthvlthinpvrimidinft-iUcflrhoxaldehvde f3-f4-

morDholinynpropvlliTnine

5 Following the procedure of example 1 (c) except using 2-methylthiopyrimi-

dine-4-caii)bxaIdehyde [Bredereck H. et aL Chem. Ber. 1964, 3407] afforded the

title compound as a yellow oiL

b) 4-r4-nuorophenvlVl.rc-f4-m^

vlMmidazole.

10 Concentrated aqueous ammonium hydroxide (2 mL) was added to 4-(4-

fluorophenyl)-542-(raethylsuIfinyl^^

imidazole (0.14g, 0.37 mmol) [prepared in Example 63] and the reaction mixture

was heated to 150°C for 18 h. After cooling to ambient temperature, the

ammonium hydroxide was decanted. The residue was purified by flash

15 chromatography eluting successively with 4% and 10% methanol in

dichloromethane followed by successive elutions with mixtures of 90/10/1 and

70/30/3 chloroform/methanol/concentrated ammonium hydroxide. Trituration

with ether afforded the title compound as an off-white solid (0.035 g, 24%).

ESMS(m£):384(M++H).

20

Example 62

imidazole

Following the procedure of 1(d) except using 2-methyltMopyrimidine-4-

25 carboxaldehyde [3-(4-morpholinyl)propyl]imine [prepared in Example 61(a)]

afforded the title compound as a yelow oil JH NMR (CDQ3) 8 8.3l(d, J = 7 Hz,

1H), 7.64(s,lH), 7.46 (dd, 2H), 7.05(1, J = 8 Hz, 2fc), 6.81(d, J = 5 Hz, 1H), 4.42(t,

J = 7.5 Hz, 2H), 3.71(t, J = 5Hz, 4H), 2J8(s, 3H), 2.37(brd. s, 4H), 2.27(t, J = 6

Hz,2H),1.85(m,2H).

30

Example 63

4-(4-HuorophenvlV5-f2-(methvM

piwMdarote
A solution ofK2S2O8 (0.20 g, 0.73 mmol) in water (5 mL) was added to

35 4-(4-nuorophenyl>5-[2-(methyithio)^pyrimidinyl]- 1-[3-(4-

morpholinyl)propyl]imidazole (0.20 g, 0.48 mmol) in glacial acetic acid (10 mL).

After stirring at ambient temperature for 72 h, the reaction mixture was poured

into water, neutralized with concentrated aqueous ammonium hydroxide and

extracted four times with dichloromethane. The organic phases were combined
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and evaporated. The residue was purified by flash chromatography eluting

successively with 1%, 2%, 4% and 10% methanol in dichloromethane to afford

the title compound as a clear oil (0.15 g, 73%).
JH NMR (CDCI3) 8 8:57(d, J = 7

Hz, 1H), 7.77(s,lH), 7.47 (dd, 2H), 7.1 8(d, J = 5 Hz, lH)7.09(t, J = 9 Hz, 2H),

5 4.56(m,2H),3.72(t,J = 5rIz,4H),3.0b(s.3H),2.40(brds.4H)t 2.33(t,J = 8H^
2H),1.94(m,2H).

Example 64

mVl-f^ProDenvl>^f4-fl^orophenvlV5-f4-pvridinvlMmidazn1e

10 a) Pvridine-4-carbQTaldehvde f2.propenvlMmine

Pyridine-4-carboxaldehyde and 2-propenyl amine were reacted by the

procedure ofexample 1(c) to afford the title compound as a yellow oil

b) nBVl-fl-ProTOnvIV4-f4-fIaorophenv1VS-r4.pvridinvnimida7.n1e

Following the procedure of example 1(d) except using the compound of the

15 previous step as the imine afforded a mixture of the title compound and l-(2-

PropenylH-(4-fluorophenyl)-5-(4-pvri<imyl)imidazole. Chromatography of the

mixture with 0 - 50% EtOAc in hexanes afforded the title compound (43%). mp =

173.5-174.0

20 Example 65

l-f2-ProbenvlV4-f4-fluorophenvlV5-f4-pvridinvnimidazo1e

. Furthur chromatography of the mixture from example 64(b) afforded the title

compound (54%). mp = 116.0 - 117.0

25 Example 66

54f2-N.N-Kmethv1amino>n\Tim^

propvnimidazole

Following the procedure of example 61(b)' except using aqueous

diraethylamine afforded the title compound as a yellow glass. ESMS (m/z): 41

1

30 (M++H).

Example 67

l-r3-r4-MoroholmvttDropvl1-5-f^

a) 4-trifluoromethvlphenvl.tolvlthiomethvlisocvanide

35 Following the procedure of example l(a,b) except using 4-trifluoromethyl-

benzaldehyde as the aldehyde component the title compound was prepared.

b) l-r3-f4-MorohoIinvnpropvn.5-f4ipvridinvn-4-r4-ftriflnoromethvlV

nhenvrtimidftzole
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The inline prepared in Example 1(c) was reacted with the isbcyanide prepared

in the previous step using the procedure of example 1(d) to prepare the title compound

was prepared, mp 133°.

5 gxmiPte 68

M3-(4-Moroholmvnpropv^

a) 3-triflnoromethvlphenvl-tolvlthiomethvlisb(^nide

Following the procedure of example i(a,b) except using 3-trifluoromethyl-

benzaldehyde as the aldehyde component the title compound was prepared.

10 b) l-rc-f^MoiTholmviyropv^

phenvnimidazole

The imine prepared in Example 1(c) was reacted with the isocyanide prepared

in the previous step using the procedure of example 1(d) to prepare the title compound

was prepared. ESMS = 417 [M+H]

15

PxMPpfc $9

l-fCvclopropvlmethvlV4-f3.4-di^

a) 3.4-dichlorophenvl.tolvlthiomethvltsocvantde

. Following the procedure of example l(a,b) except using 3 t4-dichIorobenzaldehyde as

20 the aldehyde component the title compound was prepared.

b) l-fCvclopropvlmethviy4^4^^

Following the procedure of example 1 (d) substituting the imine prepared in

Example 27(a) and the isocyanide prepared in the previous step the title compound was

prepared. mp = 145.5°.

25 F7BTOFte7Q

1-fCvc1opropvlmethvlV4^3-trffluorom

Following the procedure of Example 1 (d) substituting the imine prepared in

Example 27(a) and the isocyanide prepared Example 68(4) the title compound was

prepared. mp = 105.5°.

30

Exm»pfe71

l-fCVclopropv1m&thviy4-^^

a) %Mftthv1pvridine-4^aAoxa^

Reaction of 4-formyl-2-methylpyridine [prepared in Example 33(a)] and

35 cyclopropylmethyl amine by the procedure of example 1 (c) affords the title compound

as a yellow oil.

b) l-rCvc1opropvImethviy4-^

Following the procedure of example 1(d) except using the compound of the
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previous step as the imine afforded the title compound was as a white solid (62% from

the 2-aminopyrimidine aldehyde), mp = 141.0 - 1413°.

PsaiBpte72

5 lW4-Momho1mvttnropvll5-f4-p^

imidazole.

a) 3.S-bi\«ttrif1unmmethvlphenvl.tn1v1thiomftthvlisoevanide

Following the procedure of example l(a,b) except using 3,5-bistrifluororaethyl-

benzaldehyde as the aldehyde component the title compound was prepared.

10 b) l-r3-f4-Mnrpholmvttpropvll-5-f4-pv^

methvlphenvnimidazole

Following the procedure of example 1(d) substituting the imine prepared in

Example 1(c) and the isocyanide prepared in the previous step the title compound was

prepared, mp = 136^-137.5°.

15

,
Example 73

S-r4-r2-Afflinopvrimidinviyi-4-r4-flnorophe

imidazole

a) 2-Ammopvrimidine-4-carboxflldehvde fethvl 3-ammo-2.2-dimethvl-

20 propionate)iming

2-Aminopyrimidine-4-carboxaidehyde and ethyl 3-amino-2,2-dimethyl-

propionate,

were reacted by the procedure ofexample 1(c) to afford the title compound as a yellow

oil

25 b) S-r4-f2-Ammopvrimidinvni-4-f4-fluorophenvn-l.f2^arboTvethvl.2.2-

dimethvlpropvlMmidazole .

Following the procedure of example 1 (d) except using the compound of the

previous step as the imine afforded the title compound as a white solid (1 1% from the

amine).

30 c) 5-r4^2-Aminnpvriinidinvni-4-f4-flaorophenvlV1-f2-earboxv-2.2-

dimethvlethvl^imidaznle lithium salt

The compound ofexample 73(c) was hydrolysed by the procedure ofexample

37 to afford the title compound as the lithium salt; (67%). ES (+) MS ro/e = 356.

35 Example 74

l-fl-Formvl^pir^dinvl^f4-fluorophenvn-5-f4-pvridmvnimida7^1e

l-(l-BeiizyIpiperidm-4-yI)-4-(4-fluorophen^ (100

mgprepared in Example 40) was dissolved in 10% formic acid/methanol under argon

and palladium black (100 mg) mixed in 10% formic acid/methanol was added. The
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reaction was stiired under argon at room temperature for sixteen hours. The reaction

mixture was evaporated and the residue mixed in H20/ethyl acetate and the pH taken

•to 10. The layers were separated and the aqueous phase extracted with ethyl acetate.

The combined organic layers were evaporated and the residue was flash

chroraatographed (silica gel/metbylene chloride/methanol) to yield the title compound,
an off-white solid. ES (+)MS m/e =351 (MH+)

Example 75

g-f?-Amjnp-4-pvrimidinv1M-f4-fluoro

a) 4-Amino-l -methvlpipRridiiift

1-MethyIpiperidin-4-one (422 g, 37 mmol) and an ice cold soln of IN HCI in

Et20 (37 mL, 37 mmol) were combined. Trituration followed by evaporation of the

Et20 at 23° under a stream of argon afforded the hydrochloride. MeOH (1 14 mL),

anhydrous NH4OAC (28.7, 373 raraol) and 3A molecular sieves were added. Stirred 10

min and then NaCNBH3 (2.33 g, 37 mmol) was added, and the' mixture was stirred for

1 h. Acidified to < pH 1 with concentrated HCI and washed with Et20. The resulting

mixture was made basic with 50% aq NaOH and extracted with EtOAc, dried (K2CO3),
and distilled (bp = 55 - 60°, 15 mm) to afford 3.88 g (88%) of the title compound.

b) 2-Aminonvrimidine-4^rhox^dehvdef1 -methvlp?peridinwt-vlMmifift

2-Aminopyrimidine-4-carboxaldehyde and the compound of the previous step

were reacted by the procedure of example 1(c) to afford the title compound as a yellow

oiL .

b) 5-f2-Aminonvrimidin-4.vlV4.f4-fliinrnnhCTvT^t.fi.i)ftnZvipipftnMin^-

yDimidawle Following the procedure ofexample 1(d) except using the compound of

the previous step as the inline afforded the title compound after purification by

chromatography on silica with 0 - 10% MeOH and 0 - 1% &3N in CH2CI2 followed by

fractional preciptation fromMeOH with Et20; as a yellow solid (20% from the amine),

mp = 235 - 237° (dec).

Example 76

l-f2^-Dimethvl-3-morpholin^v1V>rnnvl^r4-fluoronhenvn.5.f2.Atnin(^d-

pvrimidinvnimirfar^lft

a) N-fl-Amino^^-dimethvlpropvnmnrphnltnft

2^-(iimethyl-3-N-morpholinyl propionaldehyde (Cheney,L.L. J. Amer. Chem.

Soc. 1951, 73, p685 - 686; 855 mg, 5.0 mmol) was dissolved in Et20 (2 mL) and 1 N
HCI in Et20 (5 mL, 5 mmol) was added. Stirred 5 min and the Et20 was evaporated in

a stream of Ar. The solid was dissolved in anhydrous MeOH (15 mL) followed by

anhydrous NH4OAC (3.85 g, 50 mmol), and 3A molecular sieves. Stirred 5 min and

then NaCNBH3 (0.314 g, 4.0 ramoL) was added. Stirred 45 min and coned HCI was
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added til the reaction mixture was < pH 1. The MeOH was removed in vacuo and the

residual mixture was dissolved in H2O (15 raL) and extracted with Et20 (25 rnL). The

aq phasewas layered with another portion ofI&2O and made basic by addition of50%

aq NaOH til> pH 10. Extraction with Et20 (3 x 40 mL), drying (K2CO3) and

5 concentration afforded the title compound (86%).

b) ' 2-Aminopvrimidinft^-carhoxald&hvde r3.f4-MorpholinvlV2.2-

dimethvlDronvnimine

2-Aminopyrimidirie-4-carboxaldehyde and the product of the previous step

were reacted by the procedure of example 1(c) to afford the title compound as a yellow

10 oil

C) 1.f2.2.nimftrhv1.^mnTphnlin^vIWopvl^f4-fluorophenvlV5-f2-Amino-4-

pvriTnldinvnimiil&Tftle

Following the procedure of example 1(d) except using the compound of the

previous step as the inline afforded the title compound as a white solid (16% from the

15 amine), rap = 242 - 245° (dec.).

1

4

Example 77

4-f4-Fluorophenvn-5-(^

500 mg of 4-(4-Fluorophenyl)-5-(4-pyridyl)imidazoIe was dried at 50" C overnight in

20 vacuo and added to a flask containing 20 ml of dried (sieve) dimethyl formamide

(hereinafterDMF) and treated with NaH (at 0 *C), then stirred at room temperature,

and dropwise with 2-acetoxy ethylbromide. After three days* the mixture was poured

into ice water, extracted into methyoene chloride/the organic phase washed with water,

dried over sodium sulfate and stripped in vacuo. Flashed the residue on silica using

25 CH2Cl2-acetone (85:15) and eluting with increasing CH3OH from 0 to 10%. Two

major product fractions were obtained, the pure cuts combined to give a slower eluting

fraction and a faster eluting isomer. These isomers were stripped and recrystallized

from EtOAc-hexane to give the minor isomer (slower moving) and the fast, major

isomer (the tided compound). NMR (250mHz, CDCI3) shows CH2CH2 as singlet at 8

30 4.1 ppm, very clean, H-ortho to F, triple t at 6.9 ppm. CaTd C:66.60, H:4.86, N:12.92;

Found G67.10, 67.03 H:5.07 f 4.94 N: 13.08, 13.09. IR (nujol mull) shows 1740 cm-1

(sharp, ester).

METHOPS OFTREATMENT
35 The compounds of Formula (I) or a pharmaceutical^ acceptable salt thereof can

be used in the manufacture of a medicament for the prophylactic or therapeutic

treatment ofany disease state in a human, or other mammal, which is exacerbated or

caused by excessive or unregulated cytokine production by such mammal's cell, such

as but not limited to monocytes and/or macrophages.
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Compounds of Formula (T) are capable of inhibiting proinflammatory

cytokines, such as ILrl, IL»6t IL-8 and TNF and are therefore of use in therapy. IL-1,

IL~6, Hr8 and TNF affect a wide variety of cells and tissues and these cytokines, as

well as other leukocyte-derived cytokines, are important and critical inflammatory

5 mediators of a wide variety of disease states and conditions. The inhibition of these

pro-inflammatory cytokines is of benefit in controlling, reducing and alleviating many

of these disease states.

Accordingly, the present invention provides a method of treating a cytokine-

mediated disease which comprises administering an effective cytokine-interfering

10 amount of a compound of Formula (I) or a pharmaceutical^ acceptable salt thereof.

In particular, compounds of Formula 0) or a pharmaceutically acceptable salt

thereof are of use in the prophylaxis or therapy of any disease state in a human, or other

mammal, which is exacerbated by or caused by excessive or unregulated IL-1, IL-8 or

TNF production by such mammal's cell, such as, but not limited to, monocytes and/or

15 macrophages.

Accordingly, in another aspect, this invention relates to a method of inhibiting

the production of ILrl in a mammal in need thereof which comprises administering to

said mammal an effective amount of a compound of Formula (I) or a pharmaceutically -

acceptable salt thereof.

20 There are many disease states in which excessive or unregulated ILrl

production is implicated in exacerbating and/or causing the disease. These include

rheumatoid arthritis, osteoarthritis, endotoxemia and/or toxic shock syndrome, other

acute or chronic inflammatory disease states such as the inflammatory reaction induced

by endotoxin or inflammatory bowel disease, tuberculosis, atherosclerosis, muscle

25 degeneration, multiple sclerosis, cachexia, bone resorption, psoriatic arthritis, Reiter*s

syndrome, rheumatoid arthritis, gout, traumatic arthritis, rubella arthritis and acute

synovitis. Recent evidence also links IL-1 activity to diabetes, pancreatic 6 cells and

Alzheimer's disease.

In a further aspect, this invention relates to a method of inhibiting the

30 production ofTNF in amammal in need thereof which comprises administering to said

mammal an effective amount of a compound of Formula (I) or a pharmaceutically

acceptable salt thereof.

Excessive or unregulatedTNF production has been implicated in mediating or

exacerbating a number of diseases including rheumatoid arthritis, rheumatoid

35 spondylitis, osteoarthritis, gouty, arthritis and other arthritic conditions, sepsis, septic

shock, endotoxic shock, gram negative sepsis, toxic shock syndrome, adult respiratory

distress syndrome, cerebral malaria, chronic pulmonary inflammatory disease, silicosis,

pulmonary sarcoisosis, bone resorption diseases, such as osteoporosis, reperfusion

injury, graft vs. host reaction, allograft rejections, fever and myalgias due to infection,
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such as influenza, cachexia secondary to infection or malignancy, cachexia secondary

to acquired immune deficiency syndrome (AIDS), AIDS, ARC (AIDS related

complex), keloid formation, scar tissue formation, Crohn's disease, ulcerative colitis

and pyresis.

5 < / Compounds of Formula (I) are also useful in the treatment of viral infections,

where such viruses are sensitive to upregulation byTNF or will elicitTNF production

in vivo. The viruses contemplated for treatment herein are those that produceTM7 as a

result of infection, or those which are sensitive to inhibition, such as by decreased

replication, directly or indirectly, by theTNF inhibiting-compounds of Formula (1).

10 Such viruses include, but are not limited to HTV-1, HIV-2 and HTV-3, Cytomegalovirus

(CMVX influenza, adenovirus and the Herpes group of viruses, such as but not limited

to. Herpes Zoster and Herpes Simplex. Accordingly, in a further aspect, this invention

relates to a method of treating a mammal afflicted with a human immunodeficiency

virus (HIV) which comprises administering to such mammal an effective TNF
15 inhibiting amount of a compound of Formula (I) pr a pharmaceutically acceptable salt

thereof.

Compounds of Formula Q) may also be used in association with the veterinary

treatment of mammals, other than in humans, in need of inhibition ofTNF production.

TNF mediated diseases for treatment, therapeutically or prophylactically, in animals

20 include disease states such as those noted above, but in particular viral infections.

.

Examples of such viruses include, but are not limited to, lentivirus infections such as,

equine infectious anaemia virus, caprine arthritis virus, visna virus, or maedi virus or

retrovirus infections, such as but not limited to feline immunodeficiency virus (FTV),

bovine immunodeficiency virus, or canine immunodeficiency virus or other retroviral

25 infections.

The compounds of Formula (I) may also be used topically in the treatment or

prophylaxis of topical disease states mediated by or exacerbated by excessive cytokine

production, such as by IL-1 or TNF respectively, such as inflamed joints, eczema,

psoriasis and other inflammatory skin conditions such as sunburn; inflammatory eye

30 conditions including conjunctivitis; pyresis, pain and other conditions associated with

inflammation.

Compounds of Formula (I) have also been shown to inhibit the production of

EL-8 (Interleukin-8, NAP). Accordingly, in a further aspect, this invention relates to a

method of inhibiting the production of IL-8 in a mammal in need thereof which

35 comprises administering to said mammal an effective amount of a compound of

Formula (I) or a pharmaceutically acceptable salt thereof.

There are many disease states in which excessive or unregulated IL-8

production is implicated in exacerbating and/or causing the disease. These diseases are

characterized by massive neutrophil infiltration such as, psoriasis, inflammatory bowel
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disease, asthma, cardiac and renal reperfusion injury, adult respiratory distress

syndrome, thrombosis and glomerulonephritis. All of these diseases are associated

with increased IL-8 production which is responsible for the chemotaxis of neutrophils

into the inflammatory site. In contrast to other inflammatory cytokines (IL-1, TNF,

5 and IL-6), IL-8 has the unique property of promoting neutrophil chemotaxis and

activation. Therefore, the inhibition ofIL-8 production would lead to a direct

reduction in the neutrophil infiltration.

The compounds ofFormula (I) are administered in an amount sufficient to

inhibit cytokine, in particular IL-1, IL-6, IL-8 or TNF, production such that it is

10 regulated down to normal levels, or in some case to subnormal levels, so as to

ameliorate or prevent the disease state. Abnormal levels of IL-1, IL-6, IL-8 orTNF,

for instance in the context of the present invention, constitute: (i) levels of free (not cell

bound) IL-1, IL-6, IL-8 orTNF greater than or equal to 1 picogram per ml; (ii) any cell

associated IL-1, IL-6, IL-8 or TNF; or (iii) the presence of IL-1, IL-6, IL-8 or TNI*

15 mRNA above basal levels in cells or tissues in which IL-1, IL-6, IL-8 orTNF,

respectively, is produced.

The discovery that the compounds of Formula (I) are inhibitors of cytokines,

specifically IL-1, IL-6, IL-8 and TNF is based upon the effects of the compounds of

Formulas (I) on the production of the IL-1, EL-8 andTNF in in vitro assays which are

20 described herein.

As used herein, the term "inhibiting the production of IL-1 (IL-6, IL-8 orTNF)
M

refers to:

a) a decrease of excessive in vivo levels of the cytokine (IL-1, IL-6, IL-8 or

TNF) in a human to normal or sub-normal levels by inhibition of the in vivo release of

25 the cytokine by all cells, including but not limited to monocytes or macrophages;

b) a down regulation, at the genomic level, of excessive in vivo levels of the

cytokine (IL-1, IL-6, IL-8 or TNF) in a human to normal or sub-normal levels;

c) a down regulation, by inhibition of the direct synthesis of the cytokine (IL-1,

IL-6, IL-8 or TNF) as a postranslational event; or

30 d) a down regulation, at the translation^ level, of excessive in vivo levels of the

cytokine (EL-1, IL-6, IL-8 or TNF) in a human to normal or sub-normal levels.

As used herein, the term "TNF mediated disease or disease state" refers to any

and all disease states in which TNF plays a role, either by production ofTNF itself, or

35 by TNF causing another monokine to be released, such as but not limited to IL-1 » IL-6

or IL-8. A disease state in which, for instance, IL-1 is a major component, and whose

production or action, is exacerbated or secreted in response to TNF, would therefore be

considered a disease stated mediated by TNF.
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As used herein, the term "cytokine" refers to any secreted polypeptide that

affects the functions of cells and is a molecule which modulates interactions between

cells in the immune, inflammatory or hematopoietic response. A cytokine includes, but

is not limited to, monokines and lymphokines, regardless ofwhich cells produce them*

5 For instance, a monokine is generally referred to as being produced and secreted by a

mononuclear cell, such as a macrophage and/or monocyte. Many other cells however

also produce monokines, such as natural killer cells, fibroblasts, basophils, neutrophils,

endothelial cells, brain astrocytes, bone marrow stromal cells, epideral keratinocytes

and B-lymphocytes. Lymphokines are generally referred to as being produced by

10 lymphocyte cells. Examples of cytokines include, but are not limited to, Interleukin-1

(IL-1), Interleukin-6 (EL-6), Interleukin-8 (IL-8), Tumor Necrosis Factor-alpha (TNF-

a) and Tumor Necrosis Factor beta (TNF-B).

As used herein, the term "cytokine interfering" or "cytokine suppressive

amount" refers to an effective amount of a compound of Formula (I) which will cause a

15 decrease in the in vivo levels of the cytokine to normal or sub-ftormal levels, when

given to a patient for the prophylaxis or treatment of a disease state which is

exacerbated by, or caused by, excessive or unregulated cytokine production.

As used herein, the cytokine referred to in the phrase "inhibition of a cytokine,

for use in the treatment of a HIV-infected human" is a cytokine which is implicated in

20 (a) the initiation and/or maintenance ofT cell activation and/or activated T cell-

mediated HIV gene expression and/or replication and/or (b) any cytokine-mediated

disease associated problem such as cachexia or muscle degeneration.

As TNF-B (also known as Iymphotoxin) has close structural homology with

TNF-a (also known as cachectin) and since each induces similar biologic responses

25 and binds to the same cellular receptor, both TNF-a and TNF-B are inhibited by the

compounds of the present invention and thus are herein referred to collectively as

"TNT' unless specifically delineated otherwise.
'

In order to use a compound of Formula (I) or a pharmaceutically acceptable salt

thereof in therapy, itwin normally be Formulated into a pharmaceutical composition in

30 accordance with standard pharmaceutical practice. This invention, therefore, also

relates to a pharmaceutical composition comprising an effective, non-toxic amount of a

compound of Formula (I) and a pharmaceutically acceptable carrier or diluent

Compounds of Formula (I), pharmaceutically acceptable salts thereof and

pharmaceutical compositions incorporating such may conveniently be administered by

35 any of the routes conventionally used for drug administration, for instance, orally,

topically, parenterally or by inhalation. The compounds of Formula (I) may be

administered in conventional dosage forms prepared by combining a compound of

Formula (I) with standard pharmaceutical carriers according to conventional

procedures. The compounds of Formula CO may also be administered in conventional

'
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dosages in combination with a known, second therapeutically active compound. These

procedures may involve mixing, granulating and compressing or dissolving the

ingredients as appropriate to the desired preparation. It will be appreciated that the

form and character of the pharmaceutical^ acceptable character or diluent is dictated

5 by the amount of active ingredient with which it is to be combined, the route of

administration and other well-known variables. The carriers) must be "acceptable" in

the sense of being compatible with the other ingredients of the Formulation and not

deleterious to the recipient thereof!

The pharmaceutical carrier employed may be, for example, either a solid or

10 . liquid. Exemplary of solid carriers are lactose, terra alba, sucrose, talc, gelatin, agar,

pectin, acacia, magnesium stearate, stearic acid and the like. Exemplary of liquid

carriers are syrup, peanut oil, olive oil, water and the like. Similarly, the carrier or

diluent may include time delay material well known to the art, such as glyceryl mono-

stearate or glyceryl distearate alone or with a wax.

IS A wide variety of pharmaceutical forms cpn be employed. Thus, if a solid

carrier is used, the preparation can be tableted, placed in a hard gelatin capsule in

powder or pellet form or in the form of a troche or lozenge. The amount of solid

carrier will vary widely but preferably will be from about 25mg. to about Ig. When a

liquid carrier is used, the preparation will be in the form of a syrup, emulsion, soft

20 gelatin capsule, sterile injectable liquid such as an ampule or nonaqueous liquid

suspension.

. Compounds of Formula (J) may be administered topically, that is by non-

systemic administration. This includes the application of a compound of Formula (I)

externally to the epidermis or the buccal cavity and the instillation of such a compound

25 into the ear, eye and nose, such that the compound does not significantly enter the

blood stream. In contrast, systemic administration refers to oral, intravenous,

intraperitoneal and intramuscular administration.

Formulations suitable for topical administration include liquid or semi-liquid

preparations suitable for penetration through the skin to the ate of inflammation such

30 as liniments, lotions, creams, ointments or pastes, and drops suitable for administration

to the eye, ear or nose. The active ingredient may comprise, for topical administration,

from 0.001% to 10% w/w, for instance from 1% to 2% by weight of the Formulation.

. It may however comprise as much as 10% w/w but preferably will comprise less than

5% w/w, more preferably from 0.1% to 1% w/w of the Formulation.

35 Lotions according to the present invention include those suitable for application

to the skin or eye. An eye lotion may comprise a sterile aqueous solution optionally

containing a bactericide and may be prepared by methods similar to those for the

preparation of drops. Lotions or liniments for application to the skin may also include
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an agent to hasten drying and to cool the skin, such as an alcohol or acetone, and/or a

moisturizer such as glycerol or an oil such as castor oil or arachis oil.

Creams, ointments or pastes according to the present invention are semi-solid

Formulations of the active ingredient for external application. They may be made by

5 miring the active ingredient in finely-divided or powdered form, alone or in solution or

suspension in an aqueous or non-aqueous fluid, with die aid of suitable machinery,

with a greasy or non-greasy base. The base may comprise hydrocarbons such as hard,

soft or liquid paraffin, glycerol, beeswax, a metallic soap; a mucilage; an oil of natural

origin such as almond, corn, arachis, castor or olive oil; wool fat or its derivatives or a

10 fatty acid such as steric or oleic acid together with an alcohol such as propylene glycol

or a macrogel. The Formulation may incorporate any suitable surface active agent such

as an anionic, cationic or non-ionic surfactant such as a sorbitan ester or a

polyoxyethylene derivative thereof. Suspending agents such as natural gums, cellulose

derivatives or inorganic materials such as silicaceous silicas, and other ingredients such

IS as lanolin, may also be included.

Drops according to the present invention may comprise sterile aqueous or oily

solutions or suspensions and may be prepared by dissolving the active ingredient in a

suitable aqueous solution of a bactericidal and/or fungicidal agent and/or any other

suitable preservative, and preferably including a surface active agent The resulting

20 solution may then be clarified by filtration, transferred to a suitable container which is

then sealed and sterilized by autoclaving or maintaining at 98-100 * C for half an hour.

Alternatively, the solution may be sterilized by filtration and transferred to the

container by an aseptic technique. Examples of bactericidal and fungicidal agents

suitable for inclusion in the drops are phenylmercuric nitrate or acetate (0.002%),

25 benzalkonium chloride (0.01%) and chlorhexidine acetate (0.01 %). Suitable solvents

for the preparation of an oily solution include glycerol, diluted alcohol and propylene

glycoL

* Compounds offormula (I) may be administered parenterally, that is by

intravenous, intramuscular, subcutaneous intranasal, intrarectal, intravaginal or

30 intraperitoneal administration. The subcutaneous and intramuscular forms .of

parenteral administration are generally preferred. Appropriate dosage forms for such

administration may be prepared by conventional techniques. Compounds ofFormula

(I) may also be administered by inhalation, that is by intranasal and oral inhalation

administration. Appropriate dosage forms for such administration, such as an aerosol

35 Formulation or a metered dose inhaler, may be prepared by conventional techniques.

For all methods ofuse disclosed herein for the compounds of Formula (I), the

daily oral dosage regimen will preferably be from about 0. 1 to about 80 rag/kg of total

body weight, preferably from about 0.2 to 30 mg/kg, more preferably from about 0.5

mg to 15mg. The daily parenteral dosage regimen about 0.1 to about 80 mg/kg of total
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body weight, preferably from about 0.2 to about 30 mg/kg, and more preferably from

about 0JS mg to 15mg/kg. The daily topical dosage regimen will preferably be from

0.1 mg to 150 mg, administered one to four, preferably two or three times daily. The

daily inhalation dosage regimen will preferably be from about 0.01 mg/kg to about 1

5 mg/kgperday. It will also be recognized by one of skill in the art that the optimal

quantity and spacing of individual dosages of a compound of Formula (I) or a

pharmaceutical^ acceptable salt thereof will be determined by the nature and extent of

the condition being treated, the form, route and site of administration, and the particular

patient being treated, and that such optimums can be determined by conventional

10 techniques. It will also be appreciated by one of skill in the art that the optimal course

of treatment, the number of doses of a compound ofFormula (I) or a

phannaceutically acceptable salt thereof given per day for a defined number of days,

can be ascertained by those skilled in the art using conventional course of treatment

determination tests.

15 The invention will now be described by reference to the following biological

examples which are merely illustrative and are not to be construed as a limitation of the

scope of the present invention.

BIOLOGICAL EXAMPLES

20 Hie cytokine-inhibiting effects of compounds of the present invention were
'

determined by the following in vitro assays:

Interleukin - 1 (IL-1)

Human peripheral blood monocytes were isolated and purified from either fresh

blood preparations from volunteer donors, or from blood bank buffy coats, according to

25 the procedure of Colotta eta^J Immunol, 132, 936 (1984). These monocytes (IxlO6)

were plated in 24-well plates at a concentration of 1-2 million/ml per welL The cells

were allowed to adhere for 2 hours, after which time non-adherent cells were removed

by gentle washing. Test compounds were then added to the cells for lh before the

addition of Iipopolysaccharide (50 ng/ml), and the cultures were incubated at 37°C for

30 an additional 24h. At the end of this period, culture super-natants were removed and

clarified of cells and all debris. Culture supematants were then immediately assayed

for IL-1 biological activity, either by the method of Simon et al. f J. Immunol Methods,

84, 85, (1985) (based on ability of IL-1 to stimulate a Interleukin 2 producing cell line

(EL-4) to secrete H>2, in concert with A23 187 ionophore) or the method ofLee et aL9

35 I ImmunoTherapy, 6 (1), 1-12 (1990) (ELISA assay). The compounds of Formula (J),

as evidenced by Examples 1 to 24 were shown to be inhibitors of in vitro IL-1

produced by human monocytes.


